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MAGNITUDE AND FREQUENCY OF FLOODS 
ON ILLINOIS STREAMS 


I. INTRODUCTION 


1. Preliminary Statement.—The ultimate success of any engineer- 


ing structure depends not only upon correct design and sound con- 
_ struction, but also upon the fundamental assumptions upon which the 
_ design is based. A dam may be correctly designed and soundly con- 
_ structed, but, if insufficient spillway capacity is provided, the dam will 


probably fail during a flood period, and the engineer who made the 


_ assumption as to the maximum flood flow which the spillway would 
_ be required to discharge safely would be just as responsible for the 


failure of the dam as though his design had been structurally faulty. 


_ The determination of fundamental data is just as important a step as 
is the structural design or the construction, and should be given as 


much thought and study. In fact, this first step is the most difficult 
one, since the problem is indeterminate, and its satisfactory solution 
requires the highest type of engineering judgment and the broadest 
experience. 

In the design of any drainage structure, whether it be a small 
storm drain at the one extreme or a large bridge over a river at the 
other, a fundamental assumption must be made as to the maximum 
quantity of water which the structure must discharge in a unit of time. 
This assumption includes not only the maximum discharge to be used 
in the design of the structure, but also the frequency with which such 


a discharge may be expected to occur. 


Engineers rarely design drainage structures capable of discharging 
the maximum possible flood, because such a flood is not likely to occur 
more often, on the average, than once in several hundred, or possibly a 
thousand, years. It is not economically sound to design structures 
for such unusual occurrences, unless the question of loss of life is 
involved, as would be the case in the design of a spillway for a dam, 
where loss of life might result if the dam should fail. Whether the 
structure shall be designed to pass the flood which may be expected to 
occur, on the average, once in ten, twenty, fifty, or one hundred years 
depends on the estimated damage which would result if the capacity 
of the structure were exceeded. When this damage has been estimated, 
the amount of money which may be spent justifiably to prevent such 
damage can be computed. The principal difficulty arises in determin- 
ing the frequency with which flood flows of assumed magnitudes will 


occur. 
Hf 
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TABLE 1 
Stream GaGine STATIONS IN ILLINOIS 
Maintained by U. S. Geological Surv 


(Arranged in the order in which they were eotabiated) * 
—————————— DT 
Stream amr Periods of Record ; 
a e+ 
i. 
MMOS URAV ER. sic xiniatoiss Oielelen ee elereene ore 91 Minooka Jan. 1,1903—Dec. 14,1904; 
INOS RIVETS. cree eae ite eats s state Peoria Mar. 10, 1903—July 21, 1906; é 
Mar. 8, 1910—Date rs 
pO Ub tay tel Shi) serene. cette oicIo.c. aractec cle Seneca*® Mar. 16 1903—Aug. 26, 1903 
Illinois River.. Ottawa Mar. 11, 1903—Feb. 21, 1904 
Illinois River. . La Salle Apr. rik 1903—Sept. 30, 1903 < 
Illinois River.. Morris Oct. 1, 1919—Date 
Illinois River.. aa Beardstown Oct. 1, 1920—Date 
TI NOB WRIVER S «systora arirelecaie eis atereeieceenee Havana Oct. re 1921—Sept. 30, 1927 
Des) Plaines, River.i:..:< sio:etrya'e's seis ctots “uals Channahon* Jan. 1,1903—Dec. 20, 1903 
Des 'Plainés! River vio.c2 seleone tees «ole Jackson Cr. Jan. 1,1903—July 24, 1906 
Des Plaines) River j.606-<:,0.01 sss Romeo Sept. 7,1914—Oct. 31,1914 
Des Plaines: River. sclera veces cae es ees Joliet Sept. 5,1914—Feb. 20, 1932 
Des Plaines Raver ssiecac aves oscil een Lemont Nov. 4, 1914—Date 
WMOXGRIV GR siefncrccus aesn severe eae erie Ottawa* Mar. 11, 1903—Apr. 11, 1903 
BORRIVED av. seta he oo ee eee ce Sheridan Oct. 1,1905—July 20, 1906 ' 
Hox REVERS sic; sict- ais os exersleccvarockeeeitee South Elgin July 29,1914—Oct. 1,1915 
Rox RIVERS acres ss ela cic ere Ree Aurora 9 July 29, 1914—Oct. 30,1914 
Box Rivers. 23 ).\so aseaeine Mie einai ne ote Wedron Nov. 5,1914—Feb. 8, 1925 
IP OXARIVER. 5 ost tia scone cote celaiNow eles Algonquin Oct. 1,1915—Date 
OX RAVER. aieas sis, seep eae Statens oe ode Dayton Apr. 13, 1925—Date 
RooksRiver scat utior cement etree Rockton June 28, 1903—July 20, 1906; 
Oct. 1, 1906—Mar. 31, 1909 
ROGKAEUIVOT:, aye. siz «diately Gat cholate chewed Sterling Jan. 6,1905—Mar. 3, 1906 
LOCK SRIVEY shins, ox< os aie Pee oeeteete nn eies Nelson June 8, 1906—July 21, 1906 
ROGK RAVOray cos «i003 chat omer tae eetane e Rockford July 30, 1914—Apr. 30, 1919 
ROGIRAIV6r Fatt, «5h cee eee ere ores Lyndon Nov. 24, 1914—Sept. 30, 1934 
AVOCA VOLS, by: ois cuciccie: crn certo eines Como Oct. 1, 1934—Date 
Sangamon Rivers... aat:c10 6% can seers Springfield Apr. 11, 1903—Aug. 22,1903 _ 
SangamonsRiverste.kje\curn seco ene Decatur* Apr. 29, 1905—Sept. 10, 1905 
Sangamon Rivers. ci «cum stews ae Chandlerville Feb. 9, 1908—Dec. 31, 1908 
Saigamon Mivers.m cee o.e coee occ Monticello Feb. 4, 1908—Dec. 31, 1912; 
é June 23, 1914—Date 
Sangamon Rivers: 5. csutariss see ieee Riverton Feb. 13, 1908—Dec. 31, 1912; 
: Aug. 7,1914—Date 
PADKLamMony Nivery), qi ise vleiteieter are de Oakford Oct. 26, 1909—Mar. 31, 1912; 
Aug. 25, 1914—June 11, 1919; 
Mar. 18, 1921—Aug. 19, 1922; 
Oct. 1, 1928—Date 
Kankakee Riverca nc. sic contce aeons Momence Feb. 24, 1905—Dec. 16, 1905; 
Mar. 1,1906—July 20, 1906; 
Me . Dec. 3, 1914—Date 
Kankakeo' Riverts;. vis «clea ca ksi oe Custer Park Nov. 6,1914—Nov. 1, 1932 
South Fork, Sangamon River.......... Taylorville Feb. 11, 1908—Dec. 31, 1912; 
5 Aug. 8, 1914—May 17,1917 
South Fork, Sangamon River.......... Kincaid May 18, 1917—Nov. 13 1933 
Balt Greeks... aciaecsiccctettic came Kenney Feb. 14,1908—Oct. 2, 1912; 
Oct. 30, 1912—Dec. 31, 1912 
‘ 
SASK ASIANA [RIVET java.c cece vs. cl oeeeaenettte Shelbyville Feb. 25, 1908—Dec. 31, 1912 
A . Aug. 11, 1914—Dec. 5, 1914 
Waskaskia, River. .....c8<iiesnncn cuca Vandalia Feb. 26, 1908—Dec. 31, 1912; 
A % Aug. 11, 1914—Date 
WWaskaskia IRIVEDy... « stecie cre cmek ee Carlyle Mar. 2) 1908—Dec. 31, 1912; 
F i Aug. 8, 1914—Sept. 30, 1915 
Kaskaskia) Riven: iste atte eee ae Arcola Apr. 11, 1908—Dec. 31, 1912 
Kaskaskia River .o6ccessise ween noe. New Athens Nov. 1,1909—Dec. 31,1912; 


June 22) 1914—Oct. ite 1921 


eS en ee ee 
*Gage heights only. 


TasBLe 1.—Concluded 


Stream Gaaeine Srations in ILLINors 


Maintained by U. S. Geological Surve: 
(Arranged in the order in which they were cateblishied) 


Stream 


PMO GHHOLI rs clos cjetudle ck es tb ue ne ek es 


CLT NG eae, SC ee a oe 
' 


i mite Wabash River. ......0260--.005 
) Little Wabash River................. 
miaittle Wabash River...........-..... 
meittle Wabash River. ..........52020- 


" Big Muddy River 
_ Big Muddy River 
_ Big Muddy River 
) Embarrass River. 


_ Embarrass River. 


Embarrass River. 


_ Shoal Creek........ IOID Cites CRORE TES 


- Cahokia Creek... 


PEMVOLIMERAVOT CP ce alc «cle cis.csls ss wis cals oer 


Vermilion River. . 
Vermilion River. . 


Mackinaw River. 


Macoupin: Creek, ..... 0+ +-.-0-0sec oe 


La Moine River. . 


Sjeree (eisal < W Bn Soe peomede tia Deane 


South Branch, Kishwaukee River...... 


Money Creek.... 


Centralia Reservoir..........+-+--++++ 


Location of 
Station 


Lebanon 
Pinkneyville 
Wayne City 


Mills Shoals 
Golden Gate 
Clay City 
Carmi 
Wilcox 
Cambon 
Plumfield 
Murphysboro 
Oakland 

St. Marie 
Lawrenceville 


Breese 


Poag 
Seville 


Streator 
Lowell 


Freeport 


Danville 


Green Valley 
Kane 

Ripley 
Harrisburg 
Forman 
Chebanse 
Winfield 
Joliet 

De Kalb 


Lake Bloomington 


Centralia 
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Periods of Record 


Mar. 3, 1908—Dec. 
Aug. 14, 1914—Dec. 


June 17, 1908—Dec. 
June 24, 1914—Nov. 


Aug. 16, 1908—Dec. 


June 22, 1914—Sept. 


June 11, 1928—Sept. 
Oct. 9, 1908—Dec. 


Aug. 17, 1908—Dec. 
Oct. 3, 1908—Dec. 
Oct. 9, 1908—Dec. 
Aug. 22, 1914—Date 


June 16, 1908—Dec. 
Aug. 18, 1914—Date 
1, 1916—Date 


Oct. 23, 1909—Dec. 
Aug. 25, 1914—Sept. 


31, 1912; 
5, 1914 


31, 1912; 
2,1914 


31, 1912; 
30, 1921; 
30, 1931 
31, 1912 


31, 1912 


31, 1912 
31, 1912 


31, 1912 


31, 1912; 
30, 1915 


Oct. 20, 1909—Dee. 31, 1912; 


Aug. 24, 1914—Date 
Mar. 14, 1930—Date 


. 5,1909—Dec. 
Aug. 14, 1914—Dec. 


. 13, 1909—Apr. 
July 24, 1914—Date 


July 27, 1914—Sept. 
8, 1931—Date 


Sept. 11, 1914—Date 


Nov. 12, 1914—Aug. 
June 13, 1928—Date 


. 9,1921—Date 
Mar. 11, 1921—Apr. 
Mar. 12, 1921—Date 
Oct. 25, 1922—Oct. 
Oct. 26, 1922—Date 
. 13, 1923—Date 
2, 1925—Jan. 
July 15, 1925—Nov. 
July 17, 1925—Nov. 
Oct. 10, 1930—Date 
Mar. 1, 1932—Date 


(?) 


31, 1912; 
7,1914 


6, 1912 


30, 1930 


6, 1921; 


1, 1933 


1, 1933 


15, 1926 
1, 1933 
1, 1933 
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2. Scope of Bulletin—This bulletin contains a presentation and an bs 
analysis of flood-flow data on 24 Illinois streams. Its purpose is to : 
provide as much information as possible as to the frequency with — 
which flood flows of certain magnitudes may be expected. 

The most logical basis for estimating the magnitudes and fre- 
quencies of future floods is a study of past floods. If stream-flow data — 
were available for a long period of time, say for 100 years, an analysis 
of the data would lead to very satisfactory conclusions as to the 
magnitudes of the floods which might be expected to occur, on the 
average, once in ten, twenty, fifty, and one hundred years; but with 
short records of flow of from ten to twenty years the solution of the 
problem is much more uncertain, especially as to the lesser frequencies. 
The period of record may not be a representative one and may con- 
tain either a surplus or a deficiency of large floods. The engineer, 
however, cannot wait for a long flow record. He is called on daily to 
design structures which require assumptions as to flood discharges, and 
he must make the best possible use of the records at hand, and make 
them disclose as much of the truth as they are capable of telling. 


3. Acknowledgments——This study has formed part of the work of 
the Engineering Experiment Station of the University of Illinois, of 
which Dean M. L. ENGerr is the director, and of the Department of 
Civil Engineering, of which Pror. W. C. HuntinerTon is the head. 


II. Data 


4. Source of Data—The flood-flow data used in this bulletin have 
been taken from the records of the United States Geological Survey. 
The first stream measurements which that agency made in Illinois 
were on the Illinois River at Minooka in 1903. Since that time, 74 
gaging stations have been established, as shown in Table 1, which 
gives the locations of the stations, arranged in the order in which they 
were established, and the periods for which discharge records are 
available. Unfortunately, 37 of these stations were maintained for 
such short periods, or else the records are so intermittent, that they are 
of little, if any, value for flood studies. Also, the flood discharges of 
the Saline River at Harrisburg, the Big Muddy River at Murphysboro, 
and the Illinois River at Beardstown and Havana are so seriously 
affected by backwater from the Ohio and Mississippi rivers, respec- 
tively, that the records cannot be used in this study. Furthermore, 
the construction of levees on the Illinois River during the period of 
record has so changed the stage-discharge relation at Peoria, Havana, 
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Fig. 1. Location or Streams WuHose Recorps ARE 
ANALYZED IN THIS BULLETIN 
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and Beardstown that the records at these stations cannot be used. The 
records of the Des Plaines at Joliet have not been used, because so — 
large a portion of the discharge comes from Lake Michigan through : 
the canal of the Chicago Sanitary District. The stations at Lake — 
Bloomington and at Centralia Reservoir are too recent for their — 
records to be of value for flood studies. R 

There are five stations which have been transferred to new loca-_ 
tion so close to the old ones that the records of the old and the new ~ 
stations have been combined. These transfers are: On the Fox River, 
from Wedron to Dayton; on the Rock River, from Lyndon to Como; 
on the South Fork of the Sangamon River, from near Taylorville to 
Kincaid; on the Big Muddy River, from Cambon to Plumfield; and 
on the Vermilion River, from Streator to Lowell. 

It is possible to use the flood data from only 24 streams, and the 
records for two of these are only eight years in length, which is gener- | 
ally considered too short a period for satisfactory analysis. These 
streams, the South Branch of the Kishwaukee River at De Kalb and 
Spring Creek at Joliet, have been included in the study because of 
their small drainage areas, since it is desirable to have as wide a range 
as possible in watershed areas in comparing flood coefficients. 

Figure 1 shows the locations of the 24 streams whose records are 
used in this study. Each drainage area is given a reference number. 
Table 2 gives pertinent data for each of the drainage areas shown in 
Fig. 1. 

5. Accuracy of Data—For the first three or four years after a 
gaging station is established, the daily gage heights only are published. 
During this period stream discharge measurements are made with the 
current meter at as many stages of the stream as flow conditions 
permit. A discharge rating curve is then plotted with discharges as 
abscissas and gage heights as ordinates. The lower, and possibly the 
middle, portion of this curve will be fairly well defined, but generally 
the upper portion, which covers flood flows, is poorly defined, because 
of few, if any, discharge measurements at flood stages. As time goes 
on, more discharge measurements are made’ at the higher stages, and 
the rating curve is changed to conform to the new data. Through this 
continuous process of revision, a rating curve becomes more and more 
accurate as time goes on. Sometimes, as the result of a flood, a change 
takes place in the channel of the stream, and a modified rating curve 
becomes necessary to conform to the new relation between stage and 
discharge. This new curve will not apply to former gage heights. 

Because of a natural desire to make the daily discharges available 
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TABLE 2 
StreaMs WxHose Recorps ARE ANALYZED IN Tus BULLETIN 


—_016Ru31Ro0eo0o0?0080N0N0N0NmamnSmSmS9m9maaasSaSm 


Gaging Station Drainage Length of 
: Barence Name of Stream Located at Area Retond 3 
: or Near Sq. mi. years 
7 
7 ie Pecatonica River. oo. o. 05 cca ae a oe Freeport 1330 21 
i 2 PRODI ODE acc soincispsistotern cereale Lyndon 9010 20 
; 83 South Branch, Kishwaukee River. . DeKalb 70 8 
4 OXPRIUOES cmt te tc Pacino hte Algonquin 1340 19 
{ 5 WOMPRIVER Sena wes Seals ocr ee ee s & Dayton 2570 20 
6 Wermilion Rivers. lo... ses anaosaiee Streator 1080 20 
f 7 immo River. asec see cece eek Morris 7575 31 
; a) Des Plaines River. .... 02.0. ceeds- Lemont 705 20 
r 9 Spring Greeksoneeter se orca Joliet 19.7 SE 
10 iNankakee River. cco. acc soiree ese Custer Park 4870 19... 
11 iKenkslkee-Rivericrc. ce cece deesnn's Momence 2340 20 ° 
12 RrauGis: Raver sc cca cise Se os Chebanse 2120 ; 12 
1s Min ckinayecuctarie er ere oes. «cee Green Valley 1100 14 
14 poo Rivers orem 4 ashame kesh Seville. 1600 20. 
15 La Moine River (Crooked Creek) . Ripley 1310 14 
16 SaMgaAMonMvers «2s <0e.0 © csainecnses Riverton 2560 27: 
age South Fork, Sangamon River. . Kincaid 510 26 
18 Sangamon Rivers wes car ee oa Monticello 550 27 
19 Bimbarrass Rivers :..2 2 ceo. sews soos St. Marie 1540 Pa 
20 Little Wabash River...........,..-.0. - Wilcox 1130 20 
21 Raskaskta, Raveriot, S5..concksileiside sees Vandalia 1980 27 
22 Moacoupin Greek. acces acu ctoe ete Kane 875 13 
eos Big Viuddyiivernee scelescos sere Plumfield 753 26 
24 GRCNGMRVer in. cencis sict-tay0 Seis ces treet oie Forman 240 12 


to the public as quickly as possible, these data are generally published 
before an accurate rating curve has been obtained. A foot-note cau- 
tions the users of the data that the larger discharges are quite un- 
certain, because of a poorly-defined rating curve above a certain limit, 
but many users of the data either overlook the foot-note or else dis- 
regard it. The U. 8. Geological Survey appreciates the necessity for a 
revision of its early published data and plans to make such a revision 
at an early date. 

The flood data used in this study have been revised where neces- 
sary through the assistance of Mr. J. H. Morgan, Engineer, U. S. 
Geological Survey and are as nearly correct as it is possible to get 
them at this time. It is possible; however, that some of the higher 
flows may be in error as much as ten per cent. 


6. Missing Data—All of the gaging stations in the state were dis- 
continued on Dee. 31, 1912. In the summer and fall of 1914 six of the 
old stations were re-established, and many new ones were installed. 

In studying the frequency of flood flows it is necessary that the 
period considered be a continuous one; and, in order to use the data 
collected at these six stations before Dec. 31, 1912, it was necessary 
to supply the missing data during the period when gaging operations 
were suspended. Since in the statistical, or probability, method only 
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the largest flood each year is used, this meant that the maximum flood 
discharge on each of the six streams for each of the two missing years — 


had to be estimated. This was done by the Bernard method,* and it is 
believed that the values obtained in this way are sufficiently correct 
to warrant their use. By supplying these missing data it was possible 


% 


to obtain a continuous record of 27 years for the Sangamon River at — 


Monticello and at Riverton, for the Kaskaskia River at Vandalia, 
and for the Embarrass River at St. Marie, and a continuous record of 
26 years for the Big Muddy River at Plumfield and for the South Fork 
of the Sangamon River near Taylorville. If the missing data had not 
been supplied, the usable records would have covered a period of only 
20 years. 

Although the gaging station on the Illinois River at Morris was not 
installed until Oct. 1, 1919, yet daily gage heights at this location are 


available for a much longer period of time, and it was possible to | 


obtain a continuous record back to 1904.- These gage heights were 
applied to the rating curve obtained after 1919 and in this way a 
continuous record of maximum annual floods for a period of 31 years 
was obtained. It must be borne in mind, however, that the rating 
_curve as determined after 1919 might not show correctly the stage- 
discharge relation in the years prior to 1919. This fact should be taken 
into account in using the curves derived in this bulletin for the Illinois 
River at Morris. 


III. Metruops Usep 1n ANALYSIS 


7. Analysis of Flood Data.—In this bulletin the flood data on Illi- 
nois streams are analyzed (1) by the theoretical probability curve 
method and (2) by the partial duration curve method. Each of these 
methods will be briefly described in this section, and in more detail in 
subsequent sections. 


Theoretical Probability Curve Method 

As far as the author is aware, the first published application of 
statistical, or probability, methods to the analysis of hydrological 
data was made by Allen Hazen in his paper on “Storage to be Pro- 
vided in Impounding Reservoirs for Municipal Water Supply,” pre- 
sented before the American Society of Civil Engineers in October 
1918, and published in Vol. 77 of the Transaction of that Society in 
1914. Since that time others, especially H. Alden Foster,t have im- 


; Pee M. Bernard, “An Approach to Determinate Stream Flow,” Proc. Am. Soc. C.E., 
an. pu 3. 


+H. Alden Foster, a eng ee Curves and Their Applicati 
Problems,’’ Trans. Am. Soc. C.E., Vol. 87, p. 142. dale ite 


‘ 
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proved and extended the method, and at present it is generally recog- 
nized as a useful method of analysis. 

The method is based on the “theory of sampling.” That is, the 
period of record is divided into equal units of time and the maximum 
one-day flow during each unit of time is taken as a sample flood for 


that period, and is the only flow in that period which is considered in 


_ the analysis. The unit of time may be a year, a month, a week, or a 


day. In the last instance all the data would be used. These data 


_ selected from equal units of time furnish a true probability or fre- 


quency series which can be studied by the general mathematical theory 
of probability, provided no changes have been made by man—such as 
the construction of dams, reservoirs, bridges, levees, ete—which would 
materially affect the natural runoff from the drainage area. 

The samples thus selected are then arranged in descending order 
of magnitude and plotted with magnitudes as ordinates and percent- 
age of time, or probability of occurrence, as abscissas. For example, 
if there are 50 magnitudes to be plotted, the percentage-of-time scale 
is divided into 50 divisions, each representing two per cent of the 
time, and a magnitude is plotted in the center of each division. The 
largest magnitude would then appear at one per cent on the time 
scale, the second largest at three per cent, the third largest at five 
per cent, and the smallest at 99 per cent. 

The curve drawn to best fit the plotted points is a cumulative fre- 
quency, or duration, curve. The ordinate at any given percentage of 
time gives the magnitude of the flood whose chance of occurrence in 
any given year is represented by that per cent. For example, the 
ordinate at 10 per cent on the time scale is that rate of flood dis- 
charge which will probably be equalled or exceeded, on the average, 
in 10 per cent of the years considered; that is, once in ten years, or 
ten times in 100 years. 

The curve will not pass through all the points. Some of them will 
be above the curve and some below it. The curve may be drawn either 
by eye—in which case the method is purely graphical and no theoreti- 
cal assumptions or computations are necessary; or a theoretical prob- 
ability curve may be computed whose parameters are obtained from 
the actual flood data. Where the record is a long one and there is a 
large number of plotted points, the graphic method gives a very satis- 
factory curve, but where there are comparatively few points the 
theoretical method is more satisfactory. The latter method is used 


in this study. 
Another assumption upon which the theoretical probability curve 
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method is based is that the data in the period of record are represen- 
tative samples of what might be expected in other periods of the same — 
length. Suppose that the record available is 20 years in length and the 
maximum flow in the record is 20 000 cu. ft. per sec. In succeeding 
20-year periods it is assumed that the maximum flow in some of the 
periods will be greater, and in some less, than 20 000 cu. ft. per sec., 
and that the average of these maximum flows will be 20 000 cu. ft. - 
per sec. 


i 
4 
x 


Partial Duration Curve Method 

This is a purely graphical method. It differs from the method just 
described in the manner in which the data used in the analysis are 
selected. In this method a minimum flood or “basic stage” is arbi- 
trarily adopted and all peak flows above this minimum—only one value 
being used for each storm period—are taken from the record, regardless 
of the time interval. Some years may have a number of floods above — 
the basic stage, and other years may have rione. The only advantage 
of this method is that all the larger floods are used in the analysis, 
whereas in the former method some of the larger floods are not used, 
because they did not happen to be the largest flood in the unit of 
time in which they occurred. The disadvantage of the method is ‘that 
the data do not form a proper frequency series and, consequently, a 
mathematical analysis cannot be made. 

Generally, where the partial duration curve method has been used, 
a basic stage has been chosen sufficiently low so that there would be 
an average of about five peak flows a year above that stage. In this 
case the flood items are not plotted against percentage of time, but 
against their probable frequency of occurrence in 100 years, which is 
obtained by multiplying 100 by m/y, where m is the relative position — 
of any flood item, when the floods are arranged in descending order of 
magnitude, and y is the length of the record in years. The frequency 
of occurrence obtained in this way can be converted to percentage of 
time by multiplying by the average number of floods per year. Since 
the engineer is rarely interested in the flood peak which will occur, on 
the average, more often than once a year, the author sees no reason 
why the number of flood items selected should be greater than the 
number of years in the record, and this procedure has been followed in 


this study. 
IV. THEORETICAL PROBABILITY CURVE 


8. Theory of Probability—I{ natural phenomena, such as flood 
flows, obeyed the “normal law of error,” as described in textbooks on 
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the Method of Least Squares, it would be possible to compute the 
probability of the occurrence of a flood of any magnitude with consid- 
erable accuracy. But, for the normal law of error to apply, there must 
_ be as many flood items in the data greater than the mean flood as 

there are items less than the mean flood, and the variations above the 
_ mean must be equal to those below it. Observation of flood data shows 
_ that this is not true, that generally there are a greater number of items 

below the mean than there are above it, and that the variations above 
_ the mean are greater than those below it. Hence, a curve which fits 

actual flood data will not be a normal or symmetrical curve, but an 
_ unsymmetrical or “skew” curve. 


9. Skew Probability Formulas and Curves—The theory of skew 
probability curves was developed originally by Professor Karl Pearson 
of University College, London, England. Later, Elderton in his book 
_ on “Frequency Curves and Correlations” applied Pearson’s methods to 
statistical studies. In 1913 Hazen applied probability methods to the 
solution of hydrological problems, but Hazen’s factors were not sup- 
ported by mathematical analysis. In 1921, Hall developed an em- 
pirical method for determining skew probability curves. But it 
remained for Foster to make the first application of Elderton’s an- 
alysis to hydrological problems, and to simplify the use of the 
formulas. In 1927 Goodrich* developed a purely graphical solution 
of skew probability curves which is very satisfactory. 

Pearson developed seven possible types of probability curves. 
Foster showed that only two of these, Types I and III, applied to 
hydrological data. Both of these curves are skew, and are limited in 
range below the mean, but the Type III curve is unlimited in range 
above the mean, whereas the Type I curve is limited in both directions. 

- Hazen was of the opinion that there was no such thing as a maximum 
flood and, therefore, approved the Type III curve. Others hold that 
there must be an upper limit beyond which it is impossible for flood 
flows to extend, even though that limit cannot be definitely defined. As 
a matter of fact, the flood data on some streams are best fitted by the 
Type I curve, and those on other streams by the Type III curve. For 
Illinois streams, which have considerable flood-plain storage, the Type 
I curve best fits the data and has, therefore, been used in this study. 


10. Coefficient of Variation—The coefficient of variation or the 
C.V., as it shall be referred to hereafter, is one of the parameters which 
determine the skew probability curve. It is the ratio of the standard 


*R. D. Goodrich, “Straight Line Plotting of Skew Frequency Data,” Trans. A.S.C.E., 
Wolly 915 p; 1s 


18 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 3 


CALCULATION or COEFFICIENTS OF VARIATION AND SKEW; VERMILION RIVER AT — 


Streator, ILLINoIs 


Catchment area, 1080 sq. mi. 
Annual 
Annual Floods | Ploods in Variation 
aa Terms of from Mean ve v 
Magnitude Mean Bh 
cu. ft. per sec. Hood 

17 700 2.354 LSS cee oe 1.833 

16 500 2.194 15104) 6) a Saear 1.426 

13 100 1.742 OSTA Se Mace.cm 0.550 

12 400 1.649 C6499 | Ve ates 0.421 

12 400 1.649 649) Misses 0.421 

9 400 1.250 OL250 aN 9 pieces 0.062 

9 340 1.236 Oe 255) Wee te siete 0.056 

7 550 1.004 0.008. “he 2 Gaaes 0.000 
6 830 LOE OT A ae —0.090 G.008) 6") iaseee —0.001 
6 410 Os852 0° Fi) De sew 0.148 O.022" Oy ease 0.003 
6 200 OAS24." = tere are 0.176 OcOd1-. Fe Gee 0.005 
5 750 AVA eel oR 0.236 G066) 9 Vir wot aon 0.013 
5 150 0,685 04 see ee 0.315 O.089 95 Be Saeed 0.031 
5 080 OVC E Wana ns 0.325 GL LOGE a wee 0.034 
4 340 Onb Allee waar 0.423 O. DOs Adve p vetiace 0.076 
2 750 0,500, 2 18)” ase 0.634 AY AO2 See ee ee 0.255 
2 710 Os36GOM, le Wiese oe 0.640 0.410 ooh eens 0.262 
2 570 O.3842-" |" eae 0.658 4353" ean oe 0.285 
2 410 OSL i Praesets 0.679 O.461e0 A.) See. or 0.313 
1 850 OS2Z46° | a eneroe 0.754 O5008 2 i © ane 0.428 
Mean 7 522 20.000 +5.078 —5.078 7.544 +5.168 —1.706 


Mean = 7522 cu. ft. per see. v2? = 7.544 v3 = 3.462 


7.54 
CV. = = 0.630 
20 —1 
3.462 
C.S.comp. = ———— = 0.728 
19 X 0.6303 
C.S.adj. = 0.728 X 1.30 = 0.947 (Type I) 
7522 
C.F, = ————— = 28.2 
(1080)°-8 


~ 


variation to the mean flood. The mean flood is the arithmetical 
average of all the flood samples taken from the record. The standard 
variation is obtained from the equation 
2 
Standard variation = a : 
n—-1 
in which v is the departure of each flood item from the mean flood, and 
n is the number of items considered. If the flood items are stated in 
terms of the mean flood, as is generally done, the standard variation is 
the same as the C.V. The standard variation can be defined as the 


radius of gyration of the area under the duration curve, taken about 
the gravity axis. 


: 
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; The C.V. is a measure of the degree of dispersion of the flood items. 
If these items are nearly the same in magnitude, the C.V. will be small; 
if they have a wide range in magnitude, the C.V. will be large. 
_ Another way of visualizing the significance of the C.V. is that it rep- 
_ resents the slope of the probability curve. For a C.V. of zero the curve 
_ would be horizontal. 
: Fortunately the C.V. is only slightly affected by the length of 
_ record, and the value obtained from a 20-yr. record will vary only one 
_ or two per cent from that obtained from a 100-yr. record. 

For the purpose of illustration, all the computations of the C.V. 

for the Vermilion River at Streator are shown in Table 3. 


11. Coefficient of Skew—The coefficient of skew, hereafter referred 
to as the C.S., is the second parameter of the probability curve. The 
equation for finding the C.S. from the actual flood datais 


2 
(n—1) (C.V.)8 


in which v and n have the same significance as in the equation for the 
C.V. For the derivation of this equation, the reader is referred to 
Foster’s paper.* 

The C.S. is a measure of the skewness or lack of symmetry of the 
probability curve, that is, the amount of departure of this curve from 
the normal curve, which is a symmetrical one. The C.S. may also be 
considered as an index as to whether or not the record in question 
contains more or less than its fair proportion of floods. 

The C.S. is decidedly affected by the length of record. The CS. 
computed from a short record is quite likely to be too small; hence, it is 
recommended by both Hazen and Foster that the C.S. as computed 
from the foregoing equation be multiplied by the factor 1+ 6/n to 
give an adjusted C.S. for the Type I curve. In many instances the 
use of this adjusted value does not result in a curve which fits the 
actual data satisfactorily, and in this event an arbitrary value is chosen 
for the C.S. to get the best possible fit. This C.S. is called the graphic 


coefficient of skew. 


C.S. = 


12. Coefficient of Flood—tThis coefficient might be called the third 
parameter of the probability curve, since it fixes the height of the 
curve above the base, and gives the general magnitude of floods on 
that particular stream. Its use gives the magnitude of the mean flood 


*Trans. Am. Soc. C.E., Vol. 87 (1924), p. 142. 
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of streams for which little or no flood data are available. The rela- — 
tion between mean flood and area is given by the equation, mean — 
flood = C'A°®, where A is the area of the catchment area in square — : 
miles above the point being considered. | 

The value of 0.8 as the is pas of A was determined by the Intell 
Weston E. Fuller in his paper* on “Flood Flows.” Fuller made an 
analysis of all the flood flows records which were available in 1913. 
In all, the floods on 119 streams were used. The mean annual flood for 
each stream was plotted against watershed area. The plotted points 
formed a band whose inclination was approximately 0.8. In 1930, 
Hazen brought Fuller’s data up to date for the Atlantic Coast streams, — 
and confirmed Fuller’s conclusion. Only one Illinois stream was used 
by Fuller, and that one was the Illinois River at Peoria, with a record 
of four years. 

An attempt was made in this study to determine an exponent for A 
which would apply to Illinois streams, but there is not a sufficiently 
wide range in the watershed areas of the streams which have been 
gaged. There are, however, some grounds for believing that a slightly 
larger value than 0.8 should be used, but the evidence is not sufficient 
to warrant a change in the value determined by Fuller and Hazen. 

The value of C for each of the streams studied was determined and 
the results are given in Table 30. 


13. Plotting of Probability Curve-—After the C.V., the C.S., and 
the C.F. have been computed from the actual flood data, the codrdi- 
nates of fifteen points on the theoretical curve are obtained from Table 
4, which is abstracted from Table 11 in Foster’s paper. The table is 
entered at the left with the C.S. as argument, and a value is taken out 
for each of the percentages of time. Since the table is based on a OsV. » 
of 1.00, the values taken from the table must be multiplied by the 
C.V..aj. obtained from the flood data. These products must be added 
to or subtracted from the mean, or 1.00, as indicated by the signs in 
the table. The results are the ordinates of the curve, expressed in terms 
of the mean flood.. An illustrative example is given in Table 5. The 
points are plotted and a curve is drawn through them. If this curve 
does not fit the plotted points of the actual flood data, a graphic 
coefficient of skew must be used. 


14. Logarithmic Probability Paper—The curve may be plotted 
upon ordinary logarithmic paper or upon logarithmic probability paper. 


*Trans. Am. Soc. C.E., Vol. 77 (1914). 
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TABLE 5 
CompuraTION OF THEORETICAL DURATION CURVE FOR THE VERMILION RIVER NEAR 
Streator, InLINoIs 
C.V. = 0.63 and C.S. = 0.95 


sat ~p et ig eal 


A iation i of *Variation for f7Run-off, in Terms 
Percentage of Time | Variation in Terme of) “Yepition fg a hia 
O.0T +2.37 Sioe 
t : +388 +1.81 2.81 
5 +1.94 +1.22 2.22 
10 +1.43 +0.90 1.90 
20 +0.81 +0.51 1.51 
3 +0.38 +0.24 1.24 
40 +0.06 +0.04 1.04 
50 —0.20 —0.13 0.87 
60 —0.46 —0.29 0.71 
70 —0.68 —0.43 0.57 
80 —0.895 —0.56 0.44 
90 —1.105 —0.696 0.304 
95 —1.233 —0.778 0.222 
99 —1.335 —0.841 0.159 
99.9 —1.360 —0.857 0.143 


ee ee SS eee 
*This is found by multiplying the variation from Table 4 by the C.V.; thus, +3.77 X 0.63 = 
+2.37. 
TRun-off = mean + variation; or 1.00 + 2.37 = 3.37. - 


As this latter paper is not generally known, a brief description will be 
given. The vertical scale of this paper is the ordinary logarithmic 
scale, but the horizontal scale is a special probability scale. This 
paper was first proposed by Hazen, who described it as follows: “The 
spacing of the lines for this paper was computed from figures taken 
from probability curve tables, and arranged so that the line which 
represented the summation of the probability curve, when plotted on 
it, is straight. If the data for any series correspond strictly with the 
normal law of error, the points plotted on this paper will all be on a 
straight line. If the data approximate the normal law of error, the 
line through the points will approximate a straight line. Even though 
the deviation from the normal law of error is considerable, a line with 
only a moderate curvature may represent it fairly well.” 

‘Probability paper is used throughout in this study. Its principal 
value, as stated by Hazen, is that the data will plot more nearly as a 
straight line upon it than upon any other kind of plotting paper, This 
makes possible the extension of the line beyond the limits of the data 
with a higher degree of accuracy. 


V. Unir or Timp 


15. Units of Time Used in Selection of Flood Data—The choice of 
the unit of time to be used for the selection of the flood data is a very 
important matter, about which there is considerable divergence of 
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; opinion. Some investigators have used the year, others the month, and 
_ still others the day. Each of these will be discussed briefly. 


: 

: 16. The Year as the Unit of Time—When flood data are analysed 

by probability methods, it is essential that not only must the sample 

floods used be selected from equal units of time, but also that the 

flood opportunity be equal in each unit of time. In the author’s opin- 
ion, the year is the only proper unit of time to use, since it is the only 
one in which the flood opportunity is the same. In any climate there 
is a greater chance of floods at some seasons of the year than at others. 

While it is true that large floods have occurred in every month of the 
year, it is also true that they occur much more frequently in some 
months than in others, generally in the late winter and early spring. 
Hazen, Foster, and Goodrich used the year as the unit of time in their 
studies. 


17. The Month as the Unit of Time-—Some investigators prefer the 
month as the unit of time, since twelve times as much flood data are 
used in the analysis. While a desire to use as much as possible of the 
recorded data is a very worthy one, yet the use of these data in a 
probability series violates the assumption of equal opportunity of 

flood occurrence upon which the method is based. If it is desired to 
use more data, the duration curve method should be used instead of 
the theoretical probability curve method. 


18. The Day as the Unit of Time—lIn this instance all the flow 
data are used. The same objections apply to the day as a unit of time 
as to the month, but they are much more serious, since the flood 
opportunity is more unequal. 

The use of all the data is a proper procedure to follow, but they 
should be used to construct a duration curve and not a theoretical 


probability curve. 


19. Conclusions —At first thought, one is prone to conclude that 
the use of the year as the unit of time, and the consequent use of only 
the maximum flood each year, makes use of too little of the available 
flood data, and is, therefore, inaccurate. It is only after one has applied 
the method to actual data on many streams and checked the results 
with those obtained from a full duration curve using all the flow data 
that he appreciates its value. 

The year, therefore, is used in this bulletin as the basis of sampling 
for the probability method. Because this method does leave out of con- 
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sideration some large secondary floods, the partial duration, or peak — 


flow, method has also been used. iq 


x 
20. The Water Year—The water year, rather than the calendar ~ 
year, has been used in these studies. There is no special merit in using f 
January 1 as a starting point. The United States Geological Survey z 
has adopted October 1 as the beginning of the water year, and its pub- ~ 
lished records are tabulated from October 1 of one year to September 
30 of the following year. It is, therefore, more convenient to use the 
water year than the calendar year. 


VI. PRESENTATION OF FLOop DaTA 


21. Flood Data—The locations of the 24 streams used in this 
study are shown in Fig. 1. Each watershed area in the figure is given a 
reference number which corresponds to the number in Table 2, which — 
gives the names of the streams, the locations of the gaging stations, 
the areas of the watersheds above the gaging stations, and the length 
of record of stream measurements. 

The flood data used in the analysis are given in Tables 6 to 29, 
one table to each stream. In each table the flood data are arranged in 
two classifications: (1) the maximum one-day flood flow for each 
water year, and (2) the largest one-day flood flows—one for each 
storm period—without regard to the time of occurrence. ‘In the latter 
classification, some years contain two or more floods, whereas other 
years have no floods large enough to be considered. The date of occur- 
rence of each flood is also given. All the flood data are arranged in 
descending order of magnitude. 

All of the flood flows are the average flow for the day of maximum 
flow, and are not maximum instantaneous, or peak, flows. If the peak 
flows had been available in all instances, they would have been used 
instead of the average flows. Since it is the peak flow, however, which 
the engineer must use in his design, it will be necessary in all cases 
to increase the average one-day flow by a varying percentage in, order 
to arrive at a value for the peak flow. To aid in determining the 
amount of such increase, Table 32 has been prepared, which contains 
all the recorded peak flows on the streams studied, together with the 
average flow recorded for each day of maximum flood flow. The data 
in this table are discussed subsequently. 
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: VII. Anatysis or Fitoop Data 


22. Construction of Curves—From the data in Tables 6 to 29 two 
_ magnitude-frequency curves have been drawn for each stream. The 
_ first of these curves is a theoretical probability curve whose param- 
_ eters, i.e., coefficient of variation and coefficient of skew, were com- 
_ puted from the actual flood data given in columns 2 and 3 of the 
_ tables, as illustrated in Table 3 for the Vermilion River. With the 
_C.V. and C.S. known, Table 4 was used to determine the codrdinates 
of the probability curve. The actual recorded floods, whose codrdi- 
nates are given in columns 3 and 4 of the tables, are plotted also, so 
that the “goodness of fit” of the theoretical curve can be judged. 

The second curve for each stream is a partial duration curve and 
was drawn to conform as nearly as possible to the points representing 
the peak-flood data in columns 6 and 8 of the tables. Since in most 
instances it was impossible to draw a satisfactory curve by eye, 

_ especially beyond the limits of the plotted points, an equation was 


developed for each curve of the form Q -=, in which Q is the dis- 


charge to be expected with a frequency of 7 times per 100 years, and 
A and n are constants. These constants were computed by the method 
of least squares. It is believed that the curves constructed in this way 
conform to the plotted points of actual flood data as satisfactorily as 
any that could have been developed. The only justification, however, 
for extending these duration curves beyond the limits of the plotted 
points (representing actual flood data) was to provide a comparison 
with the probability curves, which were justifiably extended to the one 
per cent frequency. 


23. Interpretation of Curves.— 
(a) Theoretical Probability Curve 

The ordinate of any point on the curve gives the magnitude of the 
annual flood discharge which is likely to be equalled or exceeded in the 
percentage of time in years indicated by the abscissa of that point. 
Because only the maximum annual floods were used in the construction 
of the curve, however, discharges taken from the curve are annual flood 
flows, that is, the maximum for a period of 12 consecutive months, and 
are not the record-day average rates of flood which are expected to be 
equalled or exceeded with the frequency indicated by the abscissas. 
The record-day average discharge will be from 5 to 10 per cent larger 
than the values given by the curves. 
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TABLE 6 
Fioop Data, Pecatonica River aT FREEPORT, ILLINOIS 
(Drainage area, 1330 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time ‘ 
; : Plotting 
Flow in ye aone Flow in Position, b 
pe of te ae ares oe | las ercent- piss quendy 4s 
COUTEnGe cu. ft. |Terms of | age of cu. ft. | Termsof] per100 
per sec. Mean Time per sec. Mean years 
cede Eee ¥ 
(1) (2) (3) (4) (5) (6) (7) (8) 
Mar. 16, 1929 17 000 2.216 2.38 Mar. 16, 1929 17 000 2.008 4.76 
Mar. 28, 1916 17 000 2.216 7.14 Mar. 28, 1916 17 000 2.008 9.52 bs 
Feb. 25, 1922 14 200 1.852 11.91 Feb. 25, 1922 14 200 1.677 14.29 
Sept. 16, 1914 13 000 1.695 16.67 Sept. 16, 1914 13 000 1.536 19.05 
Apr. 6, 1923 12 600 1.643 21.43 Apr , 1923 12 600 1.488 23.80 
Mar. 16, 1919 8 790 1.146 26.19 Mar. 16, 1919 8 790 1.039 28.57 
Feb. 28, 1915 8 520 ee a! 30.95 Feb. 28, 1915 8 520 1.006 33.33 
Apr. 3, 1933 8 260 1.077 ber! Apr. 3, 1933 8 260 0.976 38.09 
Mar. 16, 1928 7 810 1.018 40.47 Mar. 16, 1928 7 810 0.922 42.85 
Feb. 15, 1918 6 490 0.846 45.23 Feb. 12, 1928 6 640 0.785 47.62 
Mar. 16, 1917 6 140 0.801 50.00 Feb. 15, 1918 6 490 0.767 52.38 
Feb. 24, 1930 5 980 0.780 54.76 Sept. 17, 1915 6 310 0.745 57.14 
Mar. 29, 1932 5 650 0.737 59.52 Jan. 26, 1916 6 310 0.745 61.90 \ 
Mar. 16, 1920 5 250 0.684 64.29 Mar. 16, 1917 6 140 0.725 66.67 
Aug. 23, 1924 4 720 0.616 69.05 Feb. 24, 1930 5 980 0.706 71.43 
Feb. 24, 1925 4 090 0.533 73.81 Sept. 28, 1915 5 810 0.686 76.19 
Feb. 5, 1927 4 060 0.529 78.57 Mar. 15, 1918 5 660 0.669 80.95 
June 14, 1926 4 040 0.527 83.34 Mar. 29, 1932 5 650 0.667 85.72 
Aug. 20, 1921 2 640 0.344 88.10 Oct. 8, 1927 5 310 0.627 90.48 
Jan. 14, 1934 2 580 0.337 92.86 Mar. 16, 1920 5 250 0.620 95.24 
Sept. 27, 1931 2 240 0.292 97.62 Mar. 5, 1923 5 080 0.600 100.00 
Mean 7 670 1.000 = 8 470 1.000 
GV. = 0.595, C.S-aaj. = 10. 
TABLE 7 
Fioop Data, Rock River at Lynpon, ILLiInois 
(Drainage area, 9010 sq. mi.) 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
Flow in Plotting Flow in x one 
“4. , 
nee of — Date of tee at Pies LP 8.) 
Cee cu. ft. Terms of | age of aes cu. ft. Terms of per 100 
per sec. Mean Time per sec. Mean years 
Se ee 
(1) (2) (3) (4) (5) (6) (7) (8)* 
Mar. 28, 1916 39 500 1.514 2.50 Mar. 28, 1916 39 500 1.317 5.00 
Mar. 17, 1929 37 200 1.426 7.50 Mar. 17, 1929 37 200 1.240 10.00 
Mar. 20, 1919 37 000 1.418 12.50 Mar. 20, 1919 37 000 1.234 15.00 
Mar. 27, 1920 36 200 1.388 17.50 Mar. 27, 1920 36 200 1.207 20.00 
Feb. 24, 1925 35 800 1.372 22.50 Feb. 24, 1925 35 800 1.194 25.00 
Feb. 7, 1927 31 000 1.188 27.50 Mar. 12, 1920 35 000 1.167 30.00 
Apr. 11, 1923 29 800 1.142 32.50 Feb. 7, 1927 31 000 1.034 35.00 
Aug. 23, 1924 28 600 1.096 37.50 Mar. 25, 1927 31 000 1.034 40.00 
Mar. 16, 1918 28 600 1.096 42.50 Apr. 11, 1923 29 800 0.994 45.00 
Apr. 17, 1922 26 200 1.004 47.50 Aug. 23, 1924 28 600 0.954 ‘50.00 
May 28, 1933 26 100 1.001 52.50 Mar. 16, 1918 28 600 0.954 55.00 
Feb. 27, 1926 25 800 0.989 57.50 May 5, 1919 27 000 0.900 60.00 
Apr. 28, 1921 25 600 0.982 62.50 Feb. 25, 1918 26 800 0.894 65.00 
Feb. 25, 1915 23 200 0.889 67.50 Apr. 17, 1922 26 200 0.874 70.00 
Oct. 11, 1931 23 200 0.889 72.50 May 28, 1933 26 100 0.870 75.00 
Feb. 9, 1928 20 400 0.783 77.50 Feb. 27, 1926 25 800 0.860 80.00 
June 14, 1917 20 200 O.775 82.50 Apr. 28, 1921 25 600 0.854 85.00 
Feb. 26, 1930 17 100 0.656 87.50 Apr. 22, 1929 25 000 0.833 90.00 
Apr. 7, 1934 5 280 0.203 92.50 Feb. 10, 1925 23 800 0.793 95.00 
Aug. 25-27, 1931 4 920 0.189 97.50 Apr. 10, 1926 23 800 0.793 100.00 
Mean 26 085 1.000 29 990 1.000 


C.V. = 0.364, C.S.aaj. = 0.985. 


27 


MAGNITUDE AND FREQUENCY OF FLOODS ON ILLINOIS STREAMS 


SIONITT] ‘NOGNAT LV BHATY BWO0Y 
‘SHAUND AONANOGYA—AGNLINDVI[ GOOTA “€ “DI 


S024 00) 420 P2UP21ML2AY = 1 
66 66 S6 06 


OP 0L09 0F OP OF O02 Ol F 2 


/ 


BAMND UOl~OMIG JOl~lOg 
4 


66 86 56 06 


= 
alll JO AbO{UBIIEJ 
08 04 09 0F Ov OF 02 Of F 2 


TSU ile ee eee 
SE ae eS la 

ie a 

ES Ss Sa ee el ee eee 


S 
Lzsgy sg 


SIONITIT ‘LYOdaay LY YAATY VOINOLVOUG 


‘ 


SHAUND AONUNOAY]J—ACALINDVIL 


S102 O0/ 427 howaenbhatly =] 
0G 04 09 OF OV OF 02 


66 86 


56 06 


ps oe 2 


aoot,y °% ‘P17 


| 


zerot = i) 


08/5? 


tAAIND UOMO 


[Olf{ 40d 
{ 


08 


Bll) JO 


OL 09 


BOO{UII2AIA 
Of OF OF 02 


GOL RSD 


BALI CUMLGOGO dd 
Ll 


“COG 0=N2 


| 


S 

S 

NS 
OLY ISL 


DWA 


Pee ACY 
fo Stid2, Uf A2LOY 2S 


28 ~ ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 8 
FLoop Dara, Sourn Brancu KisHwAvKEE RIVER AT De Kats, [LuriNois 
(Drainage area, 70 sq. mi.) 


a 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
Z 3 Plottin, 

Flow in Plotting Flow in Position 

Date of eles Date of Fre- 
Occurrence baer Terms of |. age of Occurrence ane Termaor pears 
per sec. Mean Time per sec. Mean years 

(1) (2) (3) (4) (5) (6) (7) (8) 
June 12, 1929 924 1.678 6.25 June 12, 1929 924 1.384 12.50 
Ray 25, 1927 805 1.461 18.75 May 25, 1927 805 1.205 25.00 
Feb. 25, 1926 613 1.113 31.25 Nov. 18, 1928 663 0.993 37.50 
July 2, 1933 559 1.015 43.75 Nov. 15, 1926 628 0.940 50.00 
July 4, 1928 464 0.843 56.25 Feb. 25, 1926 613 0.918 62.50 
Mar. 27, 1932 406 0.737 68.75 Apr. 1, 1929 582 0.872 75.00 
Apr. 17, 1930 367 0.666 81.25 Feb. 5, 1927 568 0.851 87.50 
June 23. 1931 268 0.487 93.75 July 2, 1933 559 0.837 100.00 
Mean 551 1.000 668 1.000 


C.V. = 0.406, C.S.aaj. = 0.81. 


TABLE 9 : 
Fioop Dara, Fox River at ALGonaut, ILLINOIS 
(Drainage area, 1340 sq. mi.) 


Maximum Annual 1-day Floods : Largest 1-day Floods Without Respect to Time 
Flow in Plotting Flow in Pe 
Date of ae Meee Sa ae Date of ee 
eeuurecuce cu. ft. | Terms of| age of oes cu. ft. | Terms of ae 100 
per sec. Mean Time per sec. Mea: years 
(1) (2) (3) (4) (5) (6) (7) (8) 
Mar. 31, 1916 6 070 1.814 2.63 Mar. 31, 1916 6 070 1.602 5.26 
Mar. 14, 1918 5 600 1.674 7.89 Mar. 14, 1918 5 6C0 1.478 10.52 
Mar. 16, 1929 5 450 1.629 13.16 Mar. 16, 1929 5 450 1.438 15.79 
Mar. 30, 1920 5 050 1.509 18.42 Mar. 30, 1920 5 050 1.332 21.05 
May 1, 1921 4 850 1.450 23.68 May 1, 1921 4 850 1.279 26.31 
Mar. 21, 1919 4 800 1.435 28.95 Mar. 21, 1919 4 800 1.266 31.58 
Apr. 4, 1924 3 660 1.094 34.21 Apr , 1924 3 660 0.966 36.84 
Mar. 14, 1933 3 470 1.037 39.47 Aug. 22, 1924 3 660 0.966 42.10 
Apr. 13, 1923 3 280 0.980 44.74 Jan. 29, 1916 3 480 0.918 47.37 © 
Apr. 10, 1928 3 080 0.921 50.00 Mar. 14, 1933 3 470 0.915 52.63 
Feb. 28, 1926 2 800 0.837 55.26 Apr. 13, 1923 3 280 0.865 57.89 
Apr. 15, 1922 2 750 0.822 60.53 Apr. 28, 1933 3 100 0.818 63.16 
Feb. 16, 1927 2 720 0.813 65.79 Apr. 10, 1928 3 080 0.812 68.42 
Mar, 28, 1917 2 260 0.676 71.05 Feb. 28, 1926 2 800 0.739 73.68 
Mar. 1, 1930 2 260 0.676 76.32 Mar. 5, 1922 2 750 0.725 78.95 
Apr. 2, 1932 1 880 0.562 81.58 Apr. 15, 1922 2 750 0.725 84.21 
Feb. 26, 1925 1 800 0.535 86.84 May 7, 1919 2 730 0.720 89.47 
Nov. 5, 1933 1 040 0.311 92.11 Feb. 16, 1927 2 720 0.718 94.74 
Mar. 30, 1931 755 0.225 97.37 July , 1928 2 720 0.718 100.00 
Mean 3 346 
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C.V. = 0.469, C.S.adj. = 0.24, C.S.graphic = 0.30. 
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TaBLE 10 
Fioop Data, Fox River at Dayton, ILLINoIs 
(Drainage area, 2570 sq. mi.) 


i 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
Flow in Plotting Flow in peaee 
Date of bast Se Se ee Hoch oe of ee) ee es Fre- | 
ee cu. ft. Terms of | age of ee cu. ft. Terms of Be 100 
per sec. Mean Time per sec. Mean years 
qd) (2) (3) (4) (5) (6) (7) (8) 


Mar. 26, 1920 18 300* 


1.924 2.50 Mar. 26, 1920 18 300* 1.529 5.00 
Mar. 28, 1916 15 800* 1.661 7.50 Mar. 28, 1916 15 800* 1.320 10.00 
Feb. 15, 1918 15 500* 1.629 12.50 Feb. 15, 1918 15 500* 1.295 15.00 ~ 
Mar. 18, 1919 15 200* 1.598 17.50 Mar. 18, 1919 15 200* 1.270 20.00 y, 
Apr. 1, 1929 14 300 1.503 22.50 Apr. 1, 1929 14 300 1.195 25.00 ¢ 
Feb. 5, 1927 12 900 1.356 27.50 Apr. 21, 1929 13 100 1.095 30.00 
Sept. 24, 1926 11 500 1.209 32.50 Feb. 5, 12 900 1.078 35.00 
Mar. 14, 1917 9 830* 1.033 37.50 Mar. 5, 1919 12 100* 1.011 40.00 
Aug. 9, 1924 9 160 0.963 42.50 Mar. 12, 1920 11 800* 0.986 45.00 
May 13, 1933 8 620 0.906 47.50 Mar. 16, 1929 11 800 0.986 50.00 
Apr. 11, 1922 8 030* 0.844 52.50 Sept. 24, 1926 11 500 0.961 55.00 
Mar, 27, 1932 7 630 0.802 57.50 Nov. 15, 1926 10 600 0.886 60.00 
Mar. 23, 1923 7 630* 0.802 62.50 June 3, 1927 10 200 0.852 65.00 ; 
Apr. 7, 1928 7 270 0.764 67.50 June 12, 1929 10 200 0.852 70.00 
Apr. 27, 1921 6 890* 0.724 72.50 Mar. 14, 1917 9 830* 0.822 75.00 
Feb. 5, 1915 6 590* 0.693 77.50 Feb. 25, 1926 9 800 0.819 80.00 
Apr. 21, 1930 6 580 0.692 82.50 Aug. 9, 1924 9 160 0.766 85.00 
Feb. 7, 1925 3 880 0.408 87.50 Mar. 4, 1929 9 140 0.764 90.00 
June 24, 1931 3 400 0.357 92.50 Mar. 27, 1926 9 070 0.758 95.00 
Nov. 7, 1933 1 260 0.132 97.50 Nov. 18, 1928 9 040 0.755 100.00 
Mean 9 513 1.000 11 967 1.000 


C.V. = 0.482, C.S.aaqj. = 0.29, C.S.graphic = 0.35. 
*Discharge measured at Wedron; corrected for Dayton. 


TABLE 11 
Fioop Data, VERMILION RIVER NEAR STREATOR, ILLINOIS 
(Drainage area, 1080 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 

Flow in Plotting i Plotting 

Position, a Position, 
Date of pl pasate Date of a | EE 

p ehnmeses cu. ft. | Terms of | age of Govarmaai: cu. ft. | Terms of phe 10D 
per see. Mean Time * per sec. Mea: gh et 

aR (CDR aT a) ee a | ff 

(1) (2) (3) (4) (5) (6) (7) (8) 
May 12, 1933 17 700* 2.354 2.50 May 12, 1933 17 700* 5 ey fr A?) 5.00 
Apr. 20, 1920 16 500 2.194 7.50 Apr. 20, 1920 16 500 1.658 10.00 
Jan. 21, 1916 13 100 1.742 12.50 Jan. 21, 1916 13 100 1.316 15.00 
Apr. 11, 1922 12 400 1.649 17.50 Apr. 11, 1922 12 400 1.246 20.00 
Oct. 2, 1926 12 400 1.649 22.50 Oct. 2, 1926 12 400 1.246 25.00 
Sept. 26, 1926 9 400 1.250 27.50 Feb. 5, 1927 12 200 1,226 30.00 
Aug. 3, 1915 9 340 1.236 32.50 Apr. 19, 1927 11 800 1.186 35.00 
Mar. 16, 1929 7 550 1.004 37.50 May 23, 1927 11 000 1.105 40.00 
Mar. 17, 1919 6 830 0.910 42.50 Nov. 15, 1926 10 000 1.005 45.00 
June 28, 1924 6 410 0.852 47.50 June 4, 1927 9 650 0.970 50.00 
Dec. 14, 1927 6 200 0.824 52.50 Sept. 26, 1926 9 400 0.944 55.00 
June 6, 1917 5 750 0.764 57.50 Aug. 3, 1915 9 340 0.938 60.00 
Apr. 19, 1930 5 150 0.685 62.50 Mar. 12, 1920 7 820 0.786 65.00 
Feb. 15, 1918 5 080 0.675 67.50 Mar. 16, 1929 7% 550 0.759 70.00 
Nov. 23, 1931 4 340* 0.577 72.50 Sept. 5, 1926 6 870 0.690 75.00 
Oct. 28, 1933 2 750* 0.366 77.50 Mar. 17, 1919 6 830 0.686 80.00 
Feb. 9, 1925 2 710 0.360 82.50 June 28, 1924 6 410 0.644 85.00 
May 18, 1923 2 570 0.342 87.50 Dec. 14, 1927 6 200 0.623 90.00 
June 8, 1931 2 410* 0.321 92.50 Feb. 27, 1929 6 110 0.615 95.00 
Sept. 17, 1921 1 850 0.246 97.50 June 6, 1917 5 750 0.578 100.00 
Mean 7 522 1.000 9 952 1.000 


C.V. = 0.6380, C.S.aaqj. = 0.95. 
*Discharge measured at Lowell; corrected for Streator. 
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32 = ILLINOIS ENGINEERING EXPERIMENT STATION 
TaBLE 12 ri 
‘ 
Fioop Data, Intinois River av Morris, Iniinois 
(Drainage area, 7575 sq. mi.) b 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time , f 
i Plotting ; 
Flow in Plotting Flow in Position, 
Position, Date of : Fre- 
mere aes 2 Ne dig oe Occurrence quency 
Seater cu, ft. Terms of | age of cu. ft. Terms of per 100 
per sec. Mean Time per sec. Mean years f 
Q) Ca WS ee ae die ~S ‘ 
M: 1, 1908 70 000 760 1.61 Mar. 1, 1908 70 000 496 3.2 
Mar 26, 1904 67 800 705 4.84 Mar. 26, 1904 67 800 449 6.45 
Apr , 1933 62 300 566 8.06 Apr. 2, 1933 62 300 | 332 9.67 
Jan. 21, 1916 61 000* 534 11.29 Jan. 21, 1916 61 000 12.90 r 
Mar. 18, 1919 61 000 534 14.52 Mar, 18, 1919 61 000 304 16.13 


Sept. 13, 1934 | 19 300 
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C.V. = 0.399, C.S.aaj. = 0.42. 
*Hstimated. 


TABLE 13 
Fioop Data, Drs Piatnes River at Lemont, ILurnois 
(Drainage area, 705 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 

z Plotting, 

Flow in 4 oe Flow in Position, 
Date of hcl ark Date of Fre- 
a cu. ft. |Terms of| age of Ooourtane: cu. ft. | Terms of sha 160 
per sec. Mean Time per sec. Mean years 

Q) ee Oe eR ea ES 
Mar. 18, 1919 10 420 2.150 2.50 Mar. 18, 1919 10 420 1.762 5.00 
Mar. 27, 1920 7 430 1.533 7.50 May 6, 1919 8 050 1.361 10.00 
May 9, 1933 7 330 1.513 12.50 Mar. 27, 1920 7 430 1.256 15.00 
Aug. 9, 1924 7 060 1.456 17.50 May 9, 1933 7 330 1.239 20.00 
Feb. 28, 1925 6 550 1.352 22.50 Aug. 9, 1924 7 060 1.194 25.00 

July 5, 1928 6 020 1.242 27.50 Feb. 28, 1925 6 550 1.107 30 
Aug. 13, 1923 5 590 1.153 32.50 July 5, 1928 6 020 1.018 35.00 
Jan. 23, 1916 5 520 1.139 37.50 Aug. 18, 1923 5 590 0.945 40.00 
Mar. 5, 1929 5 310 1.096 42.50 Jan. 23, 1916 5 520 0.933 45.00 
Nov. 19, 1926 5 220 1.077 47.50 Mar. 5, 1929 5 310 0.898 50.00 
Dec. 19, 1921 4 980 1.028 52.50 Nov. 19, 1926 5 220 0.883 55.00 
Feb. 16, 1918 4 800 0.991 57.50 Apr. 3, 1929 5 200 0.879 60.00 
Feb. 28, 1926 4 300 0.887 62.50 June 10, 1916 5 090 0.860 65.00 
June 1, 1915 3 680 0.759 67.50 Apr. 9, 1928 5 090 0.860 70.00 
Mar. 19, 1917 2 830 0.584 72.50 Mar. 29, 1916 5 000 0.845 75.00 
Apr. 29, 1921 2 770 0.572 77.50 Dec. 19, 1921 4 980 0.842 80.00 
Mar. 30, 1932 2 665 0.550 82.50 Feb. 16, 1918 4 800 0.811 85 

Apr. 22, 1930 2 200 0.454 87.50 Apr. 22, 1929 4 740 0.801 90.00 
June 25, 1931 2 030 0.419 92.50 Mar. 11, 1924 4 610 0.779 95.00 
Oct. 22, 1933 220 0.045 97.50 Feb. 28, 1926 4 300 0.727 100.00 


Mean 4 846 1.000 5 915 000 


a tc SE 


CVi= 0.486, C.S.adj. — 0.29, C.S. graphic = 0.35. 
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34 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 14 
Fioop Data, Serine Creek AT Jouiet, ILLINOIS 


(Drainage area, 19.7 sq. mi.) 


ee 
————— 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
ie eee nS ee eee 
Plottin 
Flow in Pod pe Flow in Position, 
osition, nee 
Date of Percent Date of fens 
Demurrene? cu. ft. |Terms of | age of Detter cu. ft. | Terms of oer 100 
per sec. Mean Time per sec. Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) - 
11, 1926 753 2.28 6.25 June 11, 1926 753 1.89 12.50 ; 
supe 1, 1927 * 440 1.33 18.75 July i 1927 440 1.10 25.00 > 
Mar. 15, 1929 425 1.29 31.25 Mar. 15, 1929 425 1.07 37.50 ri 
Nov. 22, 1931 306 0.93 43.75 Jan. 22, 1929 380 0.95 50.00 
Apr. 1, 1933 230 0.70 56.25 May 24, 1927 345 0.87 62.50 
Nov. 28, 1927 228 0.70 68.75 Nov. 22, 1931 306 0.77 75.00 
Feb. 22, 1930 144 0.43 81.25 Apr. 19, 1927 - 285 0.71 87.50 
May 20, 1931 111 0.34 93.75 June 4, 1927 256 0.64 100.00 
Mean 330 1.00 399 1.00 


CV. = 0.630, C.S.adj. — 1.63, C.S. graphic = 1.40. 


TABLE 15 
Fioop Data, KANKAKEE River aT Custer Park, ILLINOIS 


(Drainage area, 4870 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
Flow in Plotting Flow in pence 
Date ol Were ee Deere Date of fa ne 
Weeuryenge cu. ft. | Terms of | age of power ae cu. ft. | Terms of ee 100 
per sec. Mean Time per sec. Mean years 
Q) (2) (3) (4) (5) (6) (7) (8) 
May 14, 1933 33 100 1.755 2.63 May 14, 1933 33 100 1.428 5.26 
Apr. 11, 1922 30 200 1.601 7.89 pr. 11, 1922 30 200 1.303 10.52 
Feb. 5, 1927 27 400 1.453 13.16 Feb. 5, 1927 27 400 1.182 15.79 
Apr. 20, 1920 24 100 1.278 18.42 Oct. 5, 1926 26 600 1.148 21.05 
Jan. 23, 1929 23 900 1.267 23.68 Apr. 20, 1927 25 000 1.078 26.31 
Dec. 9, 1927 22 300 1.183 28.95 Apr. 20, 1920 24 100 1.040 31.58 
Mar. 18, 1919 21 600 1.146 34.21 Jan. 23, 1929 23 900 1.031 36.84 . 
Feb. 16, 1918 21 300 1.130 39.47 May 21, 1927 23 100 0.997 42.10. 
Apr. 10, 1926 20 100 1.066 44.74 Mar. 12, 1920 22 300 0.962 47 .37 
July 11, 1915 19 500 1.034 50.00 Dec. 9, 1927 22 300 0.962 52.63 
Mar. 31, 1924 18 200 0.965 55.26 Mar. 18, 1919 21 600 0.932 57.89 
Apr. 21, 1980 16 200 0.859 60.53 Apr. 2, 1933 21 600 0.932 63.16 
Mar. 18, 1923 15 000 0.796 65.79 Feb. 16, 1918 21 300 0.919 68.42 
June 10, 1917 15 000 0.796 71.05 Mar. 16, 1929 20 800 0.897 73.68 
Mar. 21, 1925 13 600 0.721 76.32 Apr. 10, 1926 20 100 0.867 78.95 
May 18, 1916 13 300 0.705 81.58 July 11, 1915 19 500 0.841 84.21 
Mar. 28, 1932 10 200 0.541 86.84 Mar. 23, 1927 19 300 0.833 89.47 
Mar. 30, 1921 7 000 0.371 92.11 July 5, 1928 19 300 0.833 94.74 
May 12, 1931 6 270 0.333 97.37 Apr. 14, 1929 18 900 0.815 100/.00 
Mean 18 856 1.000 , 23 180 1.000 


C.V. = 0.386, C.S.aaj. = 0.10. 


ae 
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36 = ILLINOIS ENGINEERING EXPERIMENT STATION 
TasieE 16 
Froop Data, KankakEeE River at Momence, ILLINOIS 
(Drainage area, 2340 sq. mi.) 
—————— eee 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
: ; Plottin 
Flow in pe Flow in Position, 
Date of Petaast Pons of op 
Wopurrence cu. ft. Terms of | age of SS, cu. ft. Terms of bts 100 
per sec. Mean Time per sec. Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 
Jan. 22, 1916 10 500 1.710 2.50 Jan. 22, 1916 10 500 1.454 5.00 
Apr. 12, 1922 9 650 1.572 7.50 Apr. 12, 1922 9 650 1.336 10.00 
Jan. 24, 1929 9 650 | 1.572 12.50 Jan. 24, 1929 9 650 1.336 15.00 
Dec. 15, 1927 8 890 1.448 17.50 Dec. 15, 1927 8 890 1.231 20.00 
Apr. 10, 1926 7 870 1.282 22.50 Apr. 10, 1926 7 870 1.090 25.00 
Apr. 20, 1927 7 210 1.174 27.50 Apr. 20, 1927 7 210 0.998 30.00 
Mar. 20, 1919 7 060 1.150 32.50 Mar. 20, 1919 7 060 0.978 35.00 
Mar. 30, 1924 6 800 1.107 37.50 Feb. 7, 1927 6 890 0.954 40.00 
May 14, 1933 6 550 1.067 42.50 May 5, 1929 6 890 0.954 45.00 
Feb. 25, 1918 6 300 1.026 47.50 Mar. 30, 1924 6 800 0.942 50.00 
Apr. 22, 1920 5 940 0.967 52.50 Jan. 11, 1928 6 570 0.910 55.00 
Jan. 15, 1930 5 920 0.964 57.50 Mar. 22, 1929 6 560 0.908 60.00 
Feb. 26, 1915 5 180 0.844 62.50 Apr. 13, 1929 6 560 0.908 65.00 
Mar. 16, 1923 4 430 0.722 67.50 May 14, 1933 6 550 0.907 70.00 
Mar. 20, 1925 4 430 0.722 72.50 June 29, 1924. 6 500 0.900 75.00 
Apr. 6, 1917 4 370 0.712 77.50 Feb. 25, 1918 6 300 0.872 80.00 
Mar. 29, 1932 4 000 0.651 82.50 Feb. 7, 1924 6 200 0.859 85.00 
Mar, 25, 1921 2 970 0.484 87.50 Apr. 22, 1920 .5 940 0.822 90.00 
Apr. 6, 1934 2 570 0.419 92.50 June 4, 1927 5 930 0.821 95.00 
May 12, 1931 2 500 0.407 97.50 Jan. 15, 1930 5 920 0.820 100.00 
Mean 6 140 1.000 7 222 1.000 
C.V. = 0.387, C.S.aaj. = 0.24. 
TaBLE 17 
Fioop Data, Iroquois RIvER NEAR CHEBANSE, ILLINOIS 
(Drainage area, 2120 sq. mi.) 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
: : é Plotting 
Flow in tire Flow in Position, 
me of Percent, Date of . Fre- 
oe ee cu. ft. Terms of | age of Occurrence cu. ft. Terms of Se TOE 
per sec. Mean Time per sec. Mean pie Ae = 
(1) (2) (3) (4) (5) (6) (7) (8) 
May 13, 1933 25 700 2.299 4.17 May 13, 1933 25 700 1.710 8.34 
Oct. 5, 1926 21 400 1.914 12.50 Oct 5, 1926 21 400 1.423 16.67 
Dec 10, 1927 13 200 1.181 20.83 May 21, 1927 18 700 1.244 25.00 
Sept. 28, 1926 12 700 1.136 29.17 ar. 22, 1927 14 200 0.944 33.34 
Jan. 24, 1929 12 300 1.100 37.50 Feb. 3, 1927 13 600 0.905 41.67 
Feb. 6, 1924 10 900 0.975 45.83 Dec. 10, 1927 13 200 0.878 50.00 
Apr. 19, 1930 9 670 0.865 54.17 July 5, 1928 13 200 0.878 58.34 
Mar. 19, 1923 8 000* 0.716 62.50 Sept. 28, 1926 12 700 0.845 66.67 
Mar. 20, 1925 7 540 0.675 70.83 Apr. 19, 1927 12 500 0.831 75.00 
Jan. 19, 1932 5 680 0.508 79.17 Jan. 24, 1929 12 300 0.818 83.34 
Oct.) 73) 1933 3 960 0.354 87.50 Apr. 9, 1926 11 600 0.772 91.67 
May 11, 1931 3 100 0.277 95.83 June 14, 1929 11 300 0.752 100.00 
Mean 11 180 1.000 15 030 1.000 


C.V. = 0.60, C.S.aaj. = 1.34, C.S.graphic = 1.15. 


*Estimated. 
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38 : ILLINOIS ENGINEERING EXPERIMENT STATION 


TasBLE 18 
Froop Dara, Mackinaw River NEAR GREEN VALLEY, ILLINOIS 


(Drainage area, 1100 sq. mi.) 
Deen ee eee eee e eee eee eee eae ee eee ee ee ee ee 


Maximum Annual 1-day Floods 


Largest 1-day Floods Without Respect to Time 
eg ee ee ee eee 


a Plotting 

Flow in Position, 
Fre- 

cu. ft Terms of per 100 
per sec Mean years 

(6) (7) (8) 
18 500 1.782 7.14 
18 500 1.782 14.28 
14 500 1.397 21.43 
12 700 1.224 28.57 
12 300 1.185 35.71 
10 200 0.983 42.86 
9 140 0.881 50.00 
8 430 0.812 57.14 
7 520 0.724 64.28 
7 250 0.698 71.43 
6 680 0.644 78.57 
6 580 0.634 85.71 
6 580 0. 92. 

6 440 0.620 100.00 


Flow in 
Date of 
ectrns ied cu. ft. Terms of 
per sec. Mean 
(1) (2) (3) 

May 19, 1927 18 500 2.454 
Aug. 22, 1924 18 500 2.454 
May 13, 1933 14 500 1.923 
July 6, 1929 10 200 1.353 
Sept. 5, 1926 7 520 0.997 
pr. 2, 1922 6 680 0.886 
Dec. 14, 1927 4 740 0.629 
Mar. 13, 1923 4 600 0.610 
June 3, 1921 4 550 0.604 
Feb. 9, 1925 3 800 0.504 
Feb. 25, 1930 3 450 0.458 
Nov. 23, 1931 3 350 0.444 
Oct. 22, 1933 2 990 0.397 
Sept. 15, 1931 2 160 0.287 
Mean 7 540 1.000 


8 
8 
o 


C.V. = 0.754, C.S.aaj. = 1.48. 


ete 

osition, Date of 

Percent- Occurrence 
age of 

‘ime 

(4) (5) 

3.57 May 19, 1927 
10.71 Aug. 22, 1924 
17.86 May 13, 1933 
25.00 Apr. 21, 1927 
32.14 Oct. 5, 1926 
39.29 July 6, 1929 
46.43 Nov. 17, 1926 
53.57 June 29, 1924 
60.71 Sept. 5, 1926 
67.86 Feb. 6, 1927 
75.00 Apr. 2, 1922 
82.14 Jan. 25, 1929 
89.29 June 5, 1927 
96.43 Apr. 12, 1922 

TABLE 19 


Fioop Data, Spoon River at SEVILLE, ILLINOIS 


(Drainage area, 1600 sq. mi.) 


Maximum Annual 1-day Floods 


Largest 1-day Floods Without Respect to Time 


Flow in Plotting Flow in Pont 
Date of Selecr Date of Fre- 
Decumencs cu. ft. Terms of | age of Ocourranes cu. ft Terms of ae 100 
per sec. Mean Time per sec Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 
Aug. 22, 1924 31 000 2.630 2.50 Aug. 22, 1924 31 000 2.022 5.00 
May 20, 1927 23 600 2.002 7.50 June 30, 1924 23 900 1.559 10.00 
Sept. 4, 1926 23 100 1.960 12.50 May 20, 1927 23 600 1.539 15.00 © 
Oct. 4, 1927 16 500 1.400 17.50 Sept. 4, 1926 23 100 1.507 20.00 ™ 
May 13, 1933 16 300 1.383 22.50 Oct 4, 1927 16 500 1.076 25.00 
July 17, 1929 15 100 1.281 27.50 May 13, 1933 16 300 1.063 30.00 
Jan, 24, 1916 14 800 1.255 32.50 July 17, 1929 15 100 0.985 35.00 
June 15, 1917 13 400 1.137 Byes) Feb. 28, 1929 14 900 0.972 40.00 
Apr. 22, 1920 11 000 0.933 42.50 Jan, 24, 1916 14 800 0.965 45.00 
June 4, 1919 9 600 0.814 47.50 June 5, 1927 14 300 0.933 50.00 
Aug. 3, 1915 8 200 0.696 52.50 June 15, 1917 13 400 0.874 55.00 
Feb. 16, 1918 7 560 0.641 57.50 Apr. 3, 1929 13 000 0.848 60.00 
Mar. 13, 1923 7 040 0.597 62.50 Nov. 16, 1926 12 200 0.796 65.00 
Nov. 22, 1931 6 620 0.562 67.50 Sept. 17, 1926 11 100 0.724 70,00 
Feb. 9, 1925 6 560 0.557 72.50 Apr. 22, 1920 11 000 0.718 75.00 
Feb. 22, 1922 6 540 0.555 77.50 Oct 2, 1926 10 800 0.705 80.00 
Feb. 14, 1930 6 240 0.529 82.50 July 7, 1929 10 800 0.705 85.00 
July 15, 1934 4 560 0.387 87.50 June 14, 1926 10 700 0.698 90.00 
Mar. 9, 1921 4 530 0.384 92.50 June 5, 1917 10 400 0.678 95.00 
June 7, 1931 3 500 0.29 97.50 Mar. 16, 1917 9 700 0.633 100.00 
Mean 11 790 1.000 15 330 1.000 


C.V. = 0.630, C.S.adj. = 1.887, C.S.graphic = 1.22. 
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40 ILLINOIS ENGINEERING EXPERIMENT STATION 
TABLE 20 
Fioop Data, La Morne River at Ripiey, IL.inols 
(Drainage area, 1310 sq. mi.) 
————————— EEE 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
F _ Plotti 
Flow in Laban Flow in Positions 
osition, Fre- 
Date of Percent- Dake, 08 
SEES Ta cu. ft. |Terms of| age of Certee eee cu. ft. | Terms of a 100 
per sec. Mean Time per sec Mea years 
(1) (2) (3) (4) (5) (6) (7) (8) 
uly 25, 1924 12 500 1.960 3.57 July 25, 1924 12 500 1.569 7.14 
Mey 16, 1929 10 200 1.599 10.71 Mar. 16, 1929 10 200 1.281 14.28 
June 17, 1926 8 850 1.388 17.86 Mar. 2, 1929 8 900 pee lg 21.43 
Oct. 7, 1926 7 850 1.230 25.00 June 17, 1926 8 850 1 AL 28.57 
Dec. 26, 1932 6 890 1.082 32.14 June 29, 1924 8 400 1.055 36.71 
Feb. 23, 1930 5 790 0.908 39.29 Oct. 7, 1926 7 850 0.985 42.86 
Apr. 11, 1922 5 700 0.893 46.43 Apr. 2, 1929 7 620 0.957 50.00 
Aug. 13, 1932 5 650 0.886 53.57 June 5, 1929 7 320 0.919 57.14 
Sept. 5, 1921 5 540 0.868 60.71 July 16, 1929 7 300 0.916 64.28 
Aug. 12, 1925 5 470 0.858 67.86 Sept. 4, 1926 6 900 0.866 71.43 
Jan. 12, 1928 5 230 0.820 75.00 Dec. 26, 1932 6 890 0.865 78.57 
Mar. 13, 1923 5 050 0.792 82.14 Apr. 7, 1926 6 620 0.831 86.71 
May 20, 1931 3 850 0.603 89.29 Nov. 22, 1928 6 090 0.765 92.86 
June 18, 1934 710 0.113 96.43 June 13, 1929 6 080 0.763 100.00 
Mean 6 377 1.000 ‘ 7 966 1.000 
CY. = 0.446, C.S.adj. = 0.48, C.S. graphic = 0.35. 
TABLE 21 
Fioop Data, SANGAMON RIvER AT RiverTON, ILLINOIS 
(Drainage area, 2560 sq. mi.) 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
Flow in pines Flow in Pate 
Date of Sener Date of 
Occurrence AER Terms of | age of Occurrence aa 
per sec. Mean Time per sec 
(1) (2) (3) (4) (5) 
Oct. 4, 1926 30 200 2.233 1.85 Oct. 4, 1926 
Mar. 27, 1913 25 900* 1.915 5.56 Sept. 11, 1926 
Sept. 11, 1926 25 200 1.863 9.26 Apr. 11, 1922 
Apr. 11, 1922 22 700 1.678 12.96 Feb. 3, 1916 
Feb. , 1916 20 800 1.537 16.67 Mar. 16, 1922 
June 7, 1917 19 900 1.471 20.37 June 7, 1917 
Oct. , 1911 19 200 1.420 24.08 May 16, 1933 
May 16, 1933 18 700 1.382 27.78 Aug. 24, 1915 
Aug. 24, 1915 18 500 1.368 31.48 May 29, 1927 
May 14, 1920 14 200 1.050 35.19 May 14, 1920 
Oct. , 1927 14 000 1.035 38.89 Oct. 4, 1927 
May 20, 1929 14 000 1.0385 42.59 May 20, 1929 
May , 1908 13 000 0.961 46.30 Mar. 21, 1927 
June 29, 1919 11 100 0.821 50.00 Apr. 8, 1926 
Mar. 20, 1923 11 000 0.813 53.70 Apr. 20, 1927 
July 15, 1909 10 600 0.784 57.41 Apr. 3, 1933 
Mar. 20, 1925 10 200 0.754 OL. iL Apr. 6, 1927 
Mar. 30, 1921 10 100 0.747 64.81 Apr. 14, 1929 
May 11, 1918 9 980 0.738 68.52 May 5, 1929 
Feb. 28, 1930 9 800 0.725 72.22 June 29, 1919 
Dec. 16, 1923 9 600 0.710 TOS. | wees anes 
Jan. 16, 1911 8 010 0.592 19: CBigtie greece. 
Jan. 21, 1910 7 020 0.519 83.33) | Re eee ees 
Apr. 8, 1914 4 900* 0.362 SCO — | Foc a trees 
Jan, 22, 1932 3 300 0.244 ET Be I sce ohgi saab 
Mar. 31, 1934 2 240 0.166 Le il ees ce sore radi sosoae (N satan 
July 5, 1931 1 040 0.077 9815.) |! Coase cass ceten. IP actie Seep te Toren a eee eee 
Mean 13 525 1.000 16 625 1.000 ‘ 


C.V. = 0.552, C.S.aqj. = 0.47, C.S.graphic = 0.50. 
*Discharge computed from rainfall by Sherman-Bernard method. 
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42 : ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 22 


Fioop Data, Sours Fork or SANGAMON RIVER NEAR TAYLORVILLE, ILLINOIS 
(Drainage area, 510 sq. mi.) 


Largest 1-day 


‘ime 


- Plotting 
Flow in pies Flow in Position, 
Date of ere Date of Fre- 
Occurrence a. HE: Terms of | age of Occurrence a tk Terms of | We2ey 
per sec. Mean Time 
(1) (2) (3) (4) 
Oct. 4, 1926 11 600 2.179 1.92 Oct. 
Mar. 16, 1922 11 300 2.123 5.77 Mar 
Jan. 31, 1916 10 900 2.047 9.62 Jan 
June 6, 1917 10 400 1.953 13.46 June 
Mar. 27, 1913 9 900* 1.860 17.31 May 
May 15, 1929 8 500 1.597 21.15 Apr. 
Aug. 22, 1915 8 220 1.544 25.00 May 
Mar. 19, 1923 6 900 1.296 28.85 Aug. < 
Jan. 16, 1930 6 700 1.257 32.69 Apr. 
Sept. 12, 1926 6 360 1.195 36.54 Apr. 
Dec. 15, 1923 6 000 1.127 40.39 Mar. 
May 19, 1920 4 800 0.902 44.23 Jan 
Sept. 30, 1911 4 760 0.894 48.08 Mar. 
May 6, 1908 3 800 0.714 51.92 Sept 
May 17, 1933 3 580 0.672 55.77 Apr. 
Mar. 17, 1925 3 410 0.641 59.62 Dec. 
May 11, 1918 2 960 0.556 63.46 Jan. \ 
Mar. 17, 1912 2 920 0.548 67.31 Apr. 
Mar, 30, 1921 2 720 0.511 71.15 May 
July 8, 1909 2 370 0.445 75.00 May 
June 26, 1919 2 150 0.404 FSBO He masta Gee ator 
Oct) (65 1927 1 950 0.366 82.69 
May 25, 1910 1 950 0.366 86.54 
Apr. 10, 1914 1 900* 0.357 DO ated itn iecalis,-or ale apes 
Feb. 14, 1932 1 870 0.352 G4 2a". i “cuie seers 
July 4, 1931 500 0.094 TAL ale! I A ee yc 
Mean 5 324 1.000 


C.V. = 0.644, C.S.aaj. = 0.656, C.S.graphic = 0.85. 
*Discharge computed from rainfall by Sherman-Bernard method. 


TABLE 23 


Fioop Dara, SancAMon RivER aT MontIceLLo, ILLrNoIs 
(Drainage area, 550 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
: ‘Plotting 
Flow in oes Flow in Position, 
Date of Descent Date of Fre- 
Deaurreycs cu. ft. Terms of | age of Deasumesae cu. ft. Terms of | GUeuey 
per 100 
per sec. Mean Time per sec. Mean years 
Q) (2) (3) (4) (5) (6) (7) (8) _ 
Oct. 4, 1926 15 400 2.852 1.85 Oct. 4, 1926 15 400 2.437 5.00. 
Mar. 26, 1913 13 600* 2.519 5.56 Apr. 22, 1920 7 960 1.259 10.00 
May 14, 1908 9 280 1.719 9.26 May 12, 1933 7 920 1.253 15 00 
July 12, 1909 8 720 1.615 12.96 June 25, 1919 7 370 1.166 20.00 
pr. 22, 1920 7 960 1.474 16.67 July 8, 1929 7 270 1.150 25.00 
May 12, 1933 7 920 1.467 20.37 Apr. 21, 1927 6 400 1.9013 30.00 
June 25, 1919 7 370 1.365 24.08 Feb. 14, 1918 6 180 0.978 35.00 
July 8, 1929 7 270 1.346 27.78 Mar. 22, 1927 6 060 0.959 40.00 
Mar. 20, 1912 7 200 1.333 31.48 Apr. 13, 1922 5 750 0.910 45.00 
Feb. 14, 1918 6 180 1.144 35.19 Sept , 1926 5 580 0.883 50.00 
Apr. 13, 1922 5 750 1.065 38.89 Apr. 8, 1926 5 420 0.858 55.00 
Sept. 7, 1926 5 580 1.033 42.59 Mar. 16, 1923 5 250 0.831 60.00 
Mar. 16, 1923 5 250 0.972 46.30 May 18, 1920 5 150 0.815 65.00 
June 30, 1924 5 100 0.944 50.00 June 30, 1924 5 100 0.807 70.00 
Jan. 31, 1916 5 020 0.930 53.70 Jan. 31, 1916 5 020 0.794 75.00 
Aug. 1, 1915 4 860 0.900 57.41 May 14, 1923 4 950 0.783 80.00 
Dec. 1, 1927 4 630 0.857 61.11 Aug. 21, 1924 4 950 0.783 85.00 
Jan. 4, 1930 2 810 0.520 64.81 Jan. 23, 1929 4 940 0.781 90.00 
June 9, 1917 2 530 0.469 68.52 Mar. 31, 1922 4 870 0.771 95-00 
Jan. 21, 1910 2 120 0.393 te. 22 Aug , 1915 4 860 0.769 100.00 
Mar. 19, 1925 2 060 0.381 TB 92. | a. sitaceseteeval JT Mestdierce ol Reenter | eee 
Apr. 16, 1911 2 020 0.374 EDs BS | is secsarc ise etatiecere easton ys ec oe teeT aes aera 
Sept. 4, 1921 1 980 0.367 83.633) [ee vorasonae beeen | Mmm coerce mn entail | 
Sept. 19, 1931 1 740 0.322 S704: |, cstawe Sean eee ete ceeaey | arenes | 
Jan. 19, 1932 1 530 0.283 90.74. [% acct cine, 0 oh eee a | 
Apr. 9, 1914 1 240* 0.230 94 44. Ni Shee auies Sas ate es Te en | 
Apr. 1, 1934 682 0.126 QS SRS |,” psinuiaalh ote deri se am ace ey eal cs eee 
Mean 5 400 1.000 6 320 1.000 


Cv. = 0.676, C.S.aa;. = 1.18, C.S.graphic = 1.00. 
SWischeres computed from rainfall by Sherman-Bernard method. 
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44 ILLINOIS ENGINEERING EXPERIMENT STATION - 
TABLE 24 
Fioop Data, Emparrass River at St. Martz, Iniivo1s 
(Drainage area, 1540 sq. mi.) 
ee a 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
r Plotting 
, Flow in i lotting Flow in __| Position, 
Date of Pees | Dao |i ee 
; enc 
pearls cu. ft. Terms of | age of pessoa cu. ft. Terms of a 100 
per sec. Mean ime per sec. Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 
May 30, 1927 39 000 2.840 1.85 May 30, 1927 39 000 2.491 5.00 
May , 1908 26 500* 1.930 5.56 Mar. 21, 1927 27 600 1.763 10.00 
Mar. 27, 1913 26 000* 1.894 9.26 Apr. 18, 1922 22 600 1 443 15.00 
Apr. 18, 1922 22 600 1.646 12.96 June 6, 1917 19 500 1.245 20 00 
June 6, 1917 19 500 1.420 16.67 May 15, 1933 18 800 1.201 25.00 
May 15, 1933 18 800 1.369 20.37 Mar. 16, 1922 17 400 n bo 30.00 
Jan. 14, 1930 15 900 1.158 24.08 Jan. 14, 1930 15 900 1.016 35.00 
May 20, 1929 15 300 1.114 27.78 May 20, 1929 15 300 0.977 40.00 
Mar. 18, 1923 15 200 1.107 31.48 Mar. 18, 1923 15 200 0.971 45.00 
Aug. 23, 1915 13 800 1.005 35.19 Aug. 23, 1915 13 800 0.881 50.00 
Jan. 31, 1916 13 800 1.005 38.89 Jan. 31, 1916 13 800 0.881 55.00 
July , 1909 13 600* 0.990 42.59 Oct. 6, 1926 12 200 0.779 60 00 
Oct. 3, 1911 12 600 0.918 46.30 Mar. 31, 1924 10 800 0.690 65.00 
Mar. 31, 1924 10 800 0.787 50.00 Dec. 3, 1927 10 600 0.677 70.00 
July 18, 1910 10 800 0.787 53.70 Dec. 16, 1927 10 600 0.677 75.00 \ 
Dec. 16, 1927 10 600 0.772 57.41 Sept. 15, 1926 10 100 0.645 80.00 
Oct , 1910 10 300 0.750 61.11 Feb. 14, 1918 10 100 0.645 85.00 
Sept. 15, 1926 10 100 0.736 64.81 Apr. 30, 1918 10 100 0.645 90.00 
Apr. 30, 1918 10 100 0.736 68.52 Dec. 22, 1918 9 900 0.632 95.00 
Dec. 22, 1918 9 900 0.721 72.22 Feb. 7, 1928 9 860 0.630 100.00 
Nov. 2, 1919 9 300 0.677 75.92) Swiwatcocee J) aesiucie el Sots ete an 
Mar. 30, 1921 8 750 0.637 i! OS a eee eee ee | ee ee ee eR 
Jan. 24, 1932 8 340 0.607 BSiS5. 1 uats.s acaleweee Ol Gite ete BN. sects 
Dec. 26, 1924 6 500 0.473 87.045) ii da.kaase: TD TeCReR) eee 
Oct. 24, 1913 5 400 0.393 We tak Cry eee eee eee Pm 
Mar. 28, 1934 3 650 0.266 > ae ee ee Meee ee i Ee ae | 
Sept. 19, 1931 3 600 0.262 OSsTS Fh Se haved eceter) fy Press’ ststa Ooi all carey einem nena 
Mean 13 730 1.000 15 658 1.000 


CV. = 0.568, C.S.aaj- = 1.73, C.S. graphic = 0.90. 
*Discharge computed from rainfall by Sherman-Bernard method. 


TABLE 25 
Fioop Data, Lirrte WasasH River at Witcox, ILLINOIS 
(Drainage area, 1130 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 

. Plotting 

Flow in ahs Flow in Position, 

aoe of Percents Date of Free © 
a aT = ns ~ 
Sop cu. ft. |Terms of| age of prea cu. ft. | Terms of se, 100 
per sec. Mean Time per sec. Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 
Aug. 22, 1915 16 000 1.763 2.50 Aug. 22, 1915 16 000 LOTT 5.00 
Feb. 1, 1916 13 500 1.488 7.50 Feb. 1, 1916 13 500 1.331 10.00 
Mar. 21, 1927 11 600 1.278 12.50 Mar. 21, 1927 11 600 1.143 15.00 
Jan, 14, 1930 11 000 1.212 17.50 Jan. 14, 1930 11 000 1.084 20.00 
Mar. 16, 1922 10 500 1.157 22.50 Mar, 16, 1922 10 500 1.035 25.00 
May 20, 1929 10 300 1.135 27.50 Apr. 19, 1922 10 500 1.035 30.00 
Apr. 23, 1918 10 200 1.124 32.50 May 20, 1929 10 300 1.015 35 /00 
May 16, 1933 9 510 1.048 37.50 Apr. 23, 1918 10 200 1.005 40.00 
Feb. 8, 1928 9 500 1.047 42.50 May 6, 1929 9 700 0.956 45.00 
June 8, 1917 9 400 1.036 47.50 May 16, 1933 9 510 0.937 50.00 
Mar. 17, 1923 9 400 1.036 52.50 Feb. 8, 1928 9 500 0.936 55.00 
Apr. 8, 1926 9 400 1.036 57.50 June 8, 1917 9 400 0.927 60.00 
Dec. 15, 1918 8 500 0.937 62.50 Mar. 17, 1923 9 400 0.927 65.00 
Nov. 1, 1919 8 100 0.893 67.50 Apr. 8, 1926 9 400 0.927 70.00 
Jan. 23, 1932 8 100 0.893 72.50 Dec. 20, 1929 9 400 0.927 75.00 
Mar. 380, 1921 6 900 0.761 77.50 Apr. 1, 1922 9 300 0.917 80.00 
Apr. 2, 1924 5 600 0.617 82.50 Apr. 11, 1929 8 700 0.857 85.00 
Dec. 26, 1924 5 600 0.617 87.50 Dec. 15, 1918 8 500 0.838 90.00 
Sept. 4, 1931 5 500 0.606 92.50 May 13, 1918 8 300 0.818 95.00 
July 16, 1934 2 870 0.316 97.50 Nov. 21, 1921 8 200 0.808 100.00 
Mean 9 074 1.000 10 145 1.000 


C.Vi; = (0.325; C.S.aa;. 
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46 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 26 
Fioop Data, Kaskask1A River aT VANDALIA, ILLINOIS 
(Drainage area, 1980 sq. mi.) 
eee OOOO 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 


Flow in Pee Flow in 
osition, 
Paes of ee joes 
i cu. ft. | Termsof| age of cu. ft. 
per sec. Mean Time per sec. 
(1) (2) (3) (4) (5) (6) 
Oct. 4, 1926 20 000 1.837 1.85 Oct. 4, 1926 20 000 5.00 
Apr. 18, 1922 18 800 1.727 5.56 Mar. 20, 1927 19 800 10.00 
May 15, 1933 16 900 1.553 9.26 Apr. 18, 1922 18 800 15.00 
May 27, 1915 14 800 1.3 12.96 May 15, 1933 16 900 20.00 
Jan. 31, 1916 14 400 1.323 16.67 Mar. 16, 1922 16 500 25.00 
Apr. 14, 1909 13 900* 1257 20.37 Apr. 16, 1927 15 500 30.00 
May 8, 1908 13 800* 1.268 24.08 Apr. 2, 1927 15 200 35.00 
Mar. 17, 1923 13 700 1.259 27.78 May 27, 1915 14 800 40.00 
Mar. 28, 1913 13 0007 1.194 31.49 Aug. 21, 1915 14 600 45.00 
Oct.. 5, 1911 13 000 1.194 35.19 Jan. 31, 1916 14 400 50.00 ie 
May 19, 1920 12 200 1-331 38.90 Mar. 17, 1923 13 700 55.00 
Dec. 1, 1927 11 800 1.084 42.60 May 19, 1920 12 200 60.00 b 
May 14, 1929 11 800 1.084 46.30 Dec. 1, 1927 11 800 65.00 
June 6, 1917 11 100 1.020 50.00 May 14, 1929 11 800 70.00 ' 
Mar. 19, 1919 11 000 LiOLL 53.70 June 6, 1917 11 100 75.00 
Jan. 14, 1930 10 600 0.974 57.41 Mar. 19, 1919 11 000 80.00 
Dec. 15, 1923 10 500 0.965 61.12 Apr. 10, 1929 11 000 85.00 
Mar. 15, 1925 9 500 0.873 64.82 Jan. 14, 1930 10 600 90.00 
May 11, 1918 8 460 0.777 68.53 Dec. 15, 1923 10 500 95.00 
Sept. 17, 1926 8 460 O.77F q223 May 30, 1927 10 100 100.00 
Mar. 29, 1921 7 7007 0.703 75.93. } cccdesiceskae UE ‘ewes Ge tue Se ae 
Mar. 1, 1910 7 620* 0.7 70.08 | sadsnctcces. B Meeewes tn eo ee 
Jan. 24, 1932 5 550 0.510 SS. S38 1 ccisweesete | meeaew 1 eee 6 eee 
May 2, 1911 5 370 0.494 S706 YP acckiscunicss | aeeeas gk | seceoe eee 
Apr. 8, 1914 4 7007 0.432 OO.7f Db ndcnuwctat®: PF Uasveusl 1) pean) 7 oo 
Aug. 19, 1934 4 250 0.391 4.45 0 [aivacstaccs YO neeye 8" Au aie ce One 
Sept. 18, 1931 1 010 0.093 06.15 "Tek ETS SO Ree CE eee eee 
Mean 10 886 1.000 14 015 


C.V. = 0.411, C.S.saj. = 0.123. 
*Published discharges revised from new rating curve. 
+Discharge computed from rainfall, using Sherman-Bernard method. 
TABLE 27 
Fioop Data, MacoupIn CREEK NEAR KANg, ILLINOIS 
‘ (Drainage area, 875 sq. mi.) 


Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time ~ 
Flow in Plotting Flow in Es — ee 
Position, pa 
Date of ps a ee ae Date of ee ee ee Fre- 
Occurrence Percent- Occurrence uenc 
cu. ft. | Terms of| age of cu. ft. | Terms of me 100 
per sec. Mean Time per sec. Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 


Oct. 4, 1926 22 200 
May 15, 1929 16 000 
Mar. 15, 1922 15 000 
Sept. 5, 1926 11 700 
Dec. 2, 1927 11 700 
Apr. 2, 1933 
Jan. 14, 1930 
Mar. 29, 1921 
Mar. 19, 1925 
Dee. 16, 1923 


. 304 3.85 Oct. 4, 1926 22 200 
-661 11.54 Apr. 6, 1927 19 400 
- 557 19.23 May 15, 1929 16 000 
-214 26.92 Mar. 15, 1922 15 000 
-214 34.61 Mar. 21, 1927 14 200 


2 1 
1 1 
1 1 
1 x 
1 1 
0. é 0 
0.924 50.00 Apr. 16, 1927 13 300 0.9: 2 
320 o:eee 57 .69 May 4, 1929 12 200 0.864 61.54 
0 
0 0 
0 0 
0 0 
0 0 


-659 65.38 May 19, 1929 12 200 


Oo] RRR Om 00000 
i=) 
or 
o 


E 1524 73.08 | Sept. 5,1926 | 11 700 829 74.93 
Aug. 26, 1932 600 478 | 80.77 | Dec. 2,1927 | 11 700 829 84.62 
Mar. 18, 1923 400 1457 88.46 | May 26,1927 | 11 200 793 92.31 
July 23; 1931 600 .166 96.15 | Apr. 7,1928 | 11 000 779 | 100.00 
Mean 634 1.000 14 115 1.000 


C.V. = 0.59, C.S.adj. = 0.99, C.S.graphie = 0.75. 
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48 ILLINOIS ENGINEERING EXPERIMENT STATION 
TABLE 28 
Fioop Data, Bia Muppy River at PLuMFIELD, ILLINOIS 
(Drainage area, 753 sq. mi.) 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time 
Flow in uatens Flow in paeeiped 
Date of et gum of e- 
aed cu. ft. Terms of | age of tase see cu. ft. Terms of am 100 
per sec. Mean Time per sec Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 
Mar. 28, 1913 19 500T 2.301 1.92 Feb. 1, 1916 16 000 1.718 5.00 
Feb. 1, 1916 16 1.888 5.77 May 17, 1933 12 700 1.363 10.00 
May 17, 1933 12 700 1.499 9.62 Jan. 16, 1930 11 800 1.266 15.00 
Jan. 16, 1930 11 800 1.392 13.46 Apr. 17, 1927 10 900 1.170 20.00 
May 3, 1911 11 300* 1.333 17.31 Apr. 2, 1922 10 200 1.095 25.00 
Apr. 17, 1927 10 900 1.286 21.15 Jan. 8, 1917 9 770 1.049 30.00 
Mar. 12, 1909 10 600* 1.251 25.00 May 15, 1918 9 330 1.001 35.00 
Apr. 2, 1922 10 200 1.204 28.85 Nov. 1, 1919 9 230 0.991 40.00 
Jan. 8, 1917 9 770 1.153 32.69 Mar. 19, 1923 9 000 0.966 45.00 
May 15, 1918 9 330 1.101 36.54 Feb. 4, 1915 8 830 0.948 50.00 
Nov. 1, 1919 9 230 1.089 40.39 Dec. 16, 1927 8 680 0.932 55.00 
Mar. 19, 1923 9 000 1.062 44.23 Aug. 15, 1915 8 430 0.905 60.00 
Feb. 4, 1915 8 830 1.042 48.08 Jan. 27, 1929 8 100 0.869 65.00 
Dec. 16, 1927 8 680 1.024 51.92 Apr. 30, 1918 8 030 0.862 70.00 
Apr. 30, 1912 8 250* 0.974 55.77 May 17, 1929 8 000 0.859 75.00 
Jan. 27, 1929 8 100 0.956 59.62 May 23, 1920 7 830 0.840 80.00 
Mar , 1910 8 090* 0.955 63.46 Jan. 3, 1933 7 690 0.825 85.00 
Jan. 20, 1932 7 410 0.874 67.31 Jan. 20, 1932 7 410 0.795 90.00 
Dee. 17, 1918 6 020 0.710 (pleas Jan. 24, 1927 7 200 0.773 95.00 
Feb. 22, 1914 5 460T 0.644 75.00 Mar. 4, 1927 7 200 0.773 100.00 
Dec. 15, 1923 4 880 0.576 CE5B5. iW  wacos's scacete visi Mh > elt Ge Hale a oe ea] 
Mar. 31, 1921 4 740 0.560 oS el CC end (er in ee 
Sept. 6, 1931 3 590 0.409 86.54) roast fesn ges)! Wee, |S eee 
Feb. 19, 1926 3 330 0.393 90.39) "|) Moxscs cSatcew) |] wsecne et 1M teetnce am 
Mar. 21, 1925 1 670 0.197 9423) io Sectasaie ech ly Se sietce = cesarean 
Mar. 30, 1934 950 0.112 OS OS |” Fa eiwrtes le nah 4] Reet erie | neo an 
Mean 8 474 1.000 9 316 1.000 
C.V. = 0.49, C.S.aaj. = 0.55, C.S.graphic = 0.35. 
“Measurement made at Cambon; corrected for Plumfield. 
{Discharge computed from rainfall by Sherman-Bernard method. 
TABLE 29 
FLoop Data, Cacue River at Forman, ILLINoIs 
(Drainage area, 240 sq. mi.) 
Maximum Annual 1-day Floods Largest 1-day Floods Without Respect to Time ™ 
: : Fi Plotting 
Flow in | Blotting Flowin | Poattion 
ane of Parcont. Date of Fre- 
hem cu. ft. Terms of | age of Ooquresnos cu. ft. Terms of ees 100 
per sec. Mean Time per sec. Mean years 
(1) (2) (3) (4) (5) (6) (7) (8) 
Jan. 1, 1933 9 030 2.711 4.17 Jan. 1, 1933 9 030 2.123 8.33 
Jan. 26, 1929 5 720 i ieee lg 12.50 Jan. 26, 1929 5 720 1.344 16.67 
Mar. 19, 1927 5 020 1.507 20.83 Mar. 19, 1927 5 020 1.180 25.00 
Dec. 15, 1927 4 040 1.213 29,17 Jan. 23, 1927 4 220 0.992 33.33 \ 
Jan. 15, 1930 3 190 0.958 37.50 Dec. 15, 1927 4 040 0.950 41.67 
Feb. 3, 1923 2 790 0.837 45.83 Apr. 16, 1927 3 680 0.865 50.00 
Dec. 14, 1923 2 520 On57. 54.17 June 22, 1928 3 680 0.865 58.33 
Jan. 19, 1932 2 180 0.654 62.50 Feb. 27, 1929 3 680 0.865 66.67 
Nov. 8, 1925 1 960 0.588 70.83 June 30, 1928 3 420 0.804 75.00 
Mar. 9, 1931 1 630 0.489 79.17 Jan. 15, 1930 3 190 0.750 83.33 
Mar. 18, 1925 960 0.288 87.50 Feb. 3, 1923 2 790 0.656 91.67 
Mar. 28, 1934 935 0.281 95.83 Apr. 23, 1928 2 580 0.606 100.00 
Mean 3 331 1.000 4 254 
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50 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 30 
PARAMETERS OF PROBABILITY CURVES 


a a ea 
a 


f. of Sk 
Drainage as” Coef. of Com9 sae 


Stream Area Reo A ne Varia- |————_————-|_ Flood Flood 
8q. mi. yrs. tion AAjusted| Weed sec.-ft. 

atonica River......... 1 330 21 0.595 1.05 1.05 7 670 24.3 
Rea Riverina carted ktiae 9 010 20 0.364 0.98 0.98 26 080 7-9 
So. Br. Kishwaukee River.. 70 8 0.406 0.81 0.80 550 ine 
Fox River (Algonquin)....| 1 340 19 0.469 0.24 0.30 3 350 ee 

Fox River (Dayton)....... 2 570 20 0.482 0.29 0.35 9 510 slr ge 
Vermilion River.......... 1 080 20 0.630 0.95 0. 7 520 28.2 
Tlinois River (Morris)..... 7 575 31 0.399 0.42 0.42 39 770 31.3 
Des Plaines River......... 705 20 0.486 0.29 0.35 4 850 25.5 
Spring 'Creek:c), Jao.cee <> 19.7 8 0.630 1.63 1.40 330 30.3 
Kankakee R. (Custer Pk.)..| 4 870+ 19 0.386 0.10 0.10 18 860 21.2 
Kankakee R. (Momence)..| 2 340 20 0.387 0.24 0.24 6 140 12.4 
Troquois Rivers. .cs)s os «0 6 2 120 12 0.601 1.34 1.15 11 180 24.4 
Mackinaw River.......... 1 100 14 0.754 1.48 1.48 7 540 27.8 
Spoon: Rivers nese eens: 1 600 20 0.630 1.39 1.22 11 790 32.2 
La Moine River.......... 1 310 14 0.446 0.48 0.35 6 380 20.4 
Sangamon R. (Riverton)...| 2 560 27 0.552 0.47 0.50 13 520 25.4 
So. Fork, Sangamon River . 510 26 0.644 0.66 0.85 5 320 36.3 
Sangamon R. (Monticello).. 550 27 0.676 WS es 1.00 5 400 34.7 
Embarrass River......... 1 540 27 0.568 1.73 0.90 13 730 38.7 
Little Wabash............ 1 130 20 0.325 0.18 0.18 9 070 32.8 
Kaskaskia River.......... 1 980 27 0.411 0.12 0.12 10 890 26.1 
Macoupin Creek.......... 875 13 0.590 0.99 0.75 9 630 42.7 
Bid Muddy River......... 753 26 0.490 0.55 0.35 470 42.3 
Cache Rivets. «<5 cescnecs 240 12 0.700 aS 1.30 3 330 41.5 


(b) Partial Duration Curve 
The abscissa of any point on the curve shows the number of times 
in 100 years that a flood of the magnitude indicated by the ordinate 
at that point is likely to be equalled or exceeded. The magnitude— 
frequency relation shown by the lower portion of the curve, that is 
between 5 and 100 times per 100 years, is quite satisfactory, but the 
upper portion is of doubtful value, since it continues to rise at an 


increasing rate, and for frequencies of less than once in 100 years gives 
values which are absurd. ~ 


24. Compilation of Curve Data—Data from the curves have been 
compiled in Tables 30 and 31. The former table gives the parameters 
of the theoretical probability curve for each of the streams considered. 
Table 31 gives the magnitude—frequency relation of flood flows for 
both the probability method and the partial duration curve method. 


25. Discussion—The coefficients of variation given in Table 30 
vary from 0.754 to 0.325. There seems to be no well-defined relation 
between the value of this coefficient and the size, shape, or geographical 
location of the watersheds. In general, it can be stated that the larger 
the watershed, the smaller the coefficient of variation, but there are 
exceptions to this statement. The three larger watersheds, namely, 
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the Rock, Illinois, and Kankakee at Custer Park, with drainage areas 
of 9010, 7575, and 4870 square miles, respectively, have coefficients of 


0.364, 0.399, and 0.386, respectively; but, on the other hand, the 
_ Mackinaw with a drainage area of 1100 square miles has a coefficient 
! of 0.754, and the Cache with a drainage area of 240 square miles has a 


coefficient of 0.700. It is true that the periods of record for these two 
watersheds are shorter than the others, and a longer record would 
probably reduce the value of the coefficient of variation. The water- 
sheds of the Spoon and LaMoine rivers adjoin, and are of approxi- 
mately the same size, yet the coefficient of variation of the former is 
0.630 and of the latter 0.446. 

The coefficient of variation is the resultant of all the watershed 
characteristics, and of the amount and distribution of precipitation, 
and to estimate its value on the size of the watershed or the amount 
of precipitation alone is a dangerous procedure and should not be 
attempted. 

The coefficients of skew vary more widely than the coefficients of 
variation. This was to be expected, since a record of at least 100 years 
is necessary to give a reliable value of the coefficient of skew. The 
dry years of 1931 and 1934 were of great value in determining the 
reliability of the computed coefficient of skew. Regardless of whether 
years of similar dryness will recur once in 20 years or once in 1000 
years, the lower end of the probability curve must extend at least as 
low as the flood values for those years, and this fact served as a check 
upon the computed coefficients and helped in the choice of a graphic 
coefficient of skew, when that procedure was necessary. 

The coefficient of flood given in the last column of Table 30 is 
without doubt the most useful of the coefficients determined. The 
coefficients of flood range from 10.5 to 42.7. The low value of 10.5 for 
the Fox River at Algonquin reflects the regulating effect of the lake 
and swamp areas on the watershed. The effect of the storage above 
Algonquin is seen even at Dayton where the flood coefficient is 17.8. 

The effect of the rock ledge in the channel of the Kankakee River 
at Momence is indicated by a coefficient of flood of only 12.4 at that 
point and one of 21.2 at Custer Park downstream, below the mouth 
of the Iroquois River, which has a coefficient of 24.4. 

The effect of the power dams on the Rock River is to give a low 
coefficient of flood of 17.9 at Lyndon, whereas at Freeport on the 
Pecatonica River, an upper tributary of the Rock River, the coefficient 
is 24.3. Attention is called to the fact that a given C.F. will generally 
not apply to all portions of a large watershed, and that the C.F. 
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determined at a gaging station at the upper end of a watershed may — 
differ considerably from that determined at a lower station. For 
example, the C.F. for the Sangamon River above Monticello (drainage 
area 550 square miles) is 34.7, whereas for the same stream above ~ 
Riverton (drainage area 2560 square miles) the C.F. is 25.4. Also, 
the coefficients of flood for the Fox River above Algonquin (1340 — 
square miles) and above Dayton (2570 square miles) are 10.5 and 17.8, 
respectively. 

It will be observed that, in general, the flood coefficient for normal 


streams increases from about 24 for the northern streams to about 42 2 


for the southern streams. This increase is due principally to the ~ 
greater precipitation in the southern part of the state. The low value — 
of 25.4 for the Kaskaskia River at Vandalia is caused by the large — 
valley storage above this point, and also to the fact that during several 
of the larger floods a considerable discharge by-passed the gaging sta- 
tion and was not measured. The latter fact-also affects the accuracy 
of the curves for this stream. 

The watershed characteristics are also reflected in the coefficient of 
flood, and it is impossible to establish a definite relation between the 
coefficient and any one characteristic or the amount of precipitation. 
It is believed, however, that with the flood coefficients given in the 
table and a knowledge of the characteristics of the several watersheds 
(and the considered judgment of the engineer), a reasonably satis- 
factory coefficient of flood can be determined for any watershed in the 
state over 200 square miles in area. The value of the average annual 
flood can then be computed by multiplying this coefficient of flood by 
the 0.8 power of the drainage area in square miles. 

It will be noted in Table 31 that the flood magnitudes given by» 
the partial duration curve method are larger than those given by the 
probability method, especially for the 50- and 100-yr. frequencies. 
This is the result of the manner in which the partial duration curves 
were constructed. Below the limits of the plotted points, that is, for 
frequencies from 5 to 100 times per 100 years, the curves may be con- 
sidered satisfactory, but the upper ends of the curves are not reliable, 
as indicated by the absurd values for frequencies of 0.1 to 1.0 times 
per 100 years. In the author’s opinion, a curve showing the relation 
between magnitude and frequency must flatten at its upper end and 
approach a limit, as there must be some limit to the flood-producing 
powers of any watershed, as long as climatic conditions remain sub- 
stantially the same, even though a definite value of this limit cannot 
be stated. For this reason it is believed that the probability curve 
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gives much more accurate values for the rarer floods than does the 


_ partial duration curve. Since the probability curves, however, were 
_ developed from a comparatively short flow record, and since the period 


_ of record might not be a representative one, it is recommended that 
_ the magnitudes for the 50- and 100-yr. frequencies be increased by 25 


per cent as a factor of safety. 

It is believed that the columns giving the magnitudes in terms of 
the mean annual flood are the most useful portions of Table 31. The 
flood magnitudes for the 24 streams in this study for the 100-yr. 
frequency range from 1.74 to 3.10 times.the mean flood. The various 
watershed and climatic characteristics are reflected in these ratios. 
Here, again, the effect of regulation of flow by storage is apparent. 
The rock ledge in the Kankakee River at Momence is responsible for 
the low ratios of 1.88 and 1.85 at Momence and Custer Park, respec- 
tively. The low ratio of 2.08 for the Rock River is the result of the 
partial regulation of the power dams. The value of 1.98 for the IIli- 
nois at Morris is due mainly to the large drainage area. The cause for 
the variations in the other ratios is not so apparent, but a careful study 
of the characteristics of the various watersheds will explain the varia- 
tions. One watershed characteristic which has not been given its 
proper importance in hydrological literature is the drainage net, that 
is the number, size, and arrangement of the tributary streams. Two 
watersheds which are similar with respect to size, shape, location, 
topography, and soil may vary considerably with respect to size and 
arrangement of tributaries, with consequent variations in flood flows. 
The arrangement of the tributaries affects the concentration of the 
flood waters and the magnitude of the resultant flood flow at any point. 

The data in Table 32, though rather meagre, are very helpful in 
estimating the peak flows from the average one-day flood flows. They 
show rather clearly the futility of trying to establish any definite 
correlation between the excess peak flow and any one watershed 
characteristic, such as area. The area is, of course, an important 
characteristic, but not more so than the topography or the flood-plain 
storage, or the natural or artificial regulation of flow. In the case of 
Spring Creek, near Joliet, with a drainage area of only 19.7 square 
miles, area of watershed is undoubtedly the controlling characteristic}; 
whereas, for the Mackinaw and Vermilion rivers, lack of valley 
storage is the predominating characteristic with topography a con- 
tributing one, both having a greater effect than area. For the Kanka- 
kee River at Custer Park the regulating effect of the rock ledge in the 
channel at Momence is undoubtedly the controlling factor in reducing 
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TABLE 32 
MagnirupEs or AVERAGE OnNE-Day FLoop FLows AND OF MaxIMUM OR Prag FLows © q 


a 
ooo eeeeeooooooooooeeeeeeeeeooooooaaaaaeeeeoaoao@®n®wo®>$>$>$s$>>»S=S=$S$“" 


yi bees! of 
aximum or aximum 
Average 1-day | “peak Flow Flow over 
Stream Date of Flood Flow in sates ‘Average 
cu. ft. per sec. per sec. 1-day Flow, 
in per cent — 

IPGEALOMICA ne oleae so ieee Mar. 16, 1929 17 000 18 400 8.2 
IPECHUONICH sy c.cc otic seteroeiate ae Feb. 25, 1922 14 200 14 500 yap 
IPECHTODECA Rt. = cle acl uicleis ce lstere <0 Apr. 6, 1923 “12 600 13 100 4.0 
PECASOMICH cote ecreie isa Aaa ee Mar. 17, 1919 8 790 10 000 13.8 
IPGCAtODICH,. 6 oii co oneal eis3 68 Feb. 15, 1918 6 490 6 880 6.0 
IP ECHPODICH. cle foicateisvoi0 0 4) slo's, 0 Feb. 24, 1930 5 980 6 060 1.3 
IPECALONIGH E50) carts oa slaventis.ss 2-9 Feb. 24, 1925 4 090 4 180 2.2 
PecatOniea Me seren cs sere cciteee 2 Feb. 5, 1927 4 060 4 400 8.4 
OG ier p= ote ieete terete isis Feb. 24, 1925 38 500 39 000 1.3 
ELGG Er crepe Aretend soctesey a ohabet aveya ole Feb. 7, 1927 31 000 31 400 1.3 
HR OGIO ane eas canavereplaeiacs, says Aug. 23, 1924 28 600 29 800 4.2 
ROCK: eh Mea Sas aa Feb. 27, 1926 25 800 26 600 3.1 
TR OGKK Acta insists algtersse ejers-aleveio Oct. 11, 1931 23 200 24 600 6.0 
ROG meri isd. ewer steiate Sere = June 14, 1917 20 200 21 400 5.9 
South Branch, Kishwaukee.. . June 12, 1929 924 960 3.9 
South Branch, Kishwaukee. .. May 25, 1927 805 907 12.7 
South Branch, Kishwaukee. .. Feb. 25, 1926 613° 676 10.3 ; 
South Branch, Kishwaukee. .. July 4, 1928 464 - 493 6.2 7 
South Branch, Kishwaukee. .. Apr. 17, 1930 367 367 0.0 
South Branch, Kishwaukee. .. June 23, 1931 268 316 18.0 q 
Fox at Algonquin ORS cate comets May 31, 1916 6 070 7 120 17.3 y 
Fox at Algonquin. ...60.55..0 May 1, 1921 4 850 4 950 2.1 = 
Fox at Algonquin............ Apr. 15, 1922 2 750 2 820 2.5 % 
Fox at Algonquin. .........=. Feb. 26, 1925 1 800 1 880 4.4 2 
Hoxeaigo ay von ror kes emis ce = Mar. 28, 1916 15 800 16 700 Bat b 
Ox AG aAYGOR: eis ca ecient’ Feb. 15, 1918 15 500 15 500 0.0 
Pox at Dayton). ny. one ys ore Mar. 18, 1919 15 200 16 000 5.3 s 
HOx Be Daytoninrdelska oer Mar. 14, 1917 9 830 10 200 3.8 
Hox St, Dayton)... sacctweat +. Aug. 9, 1924 9 160 10 100 10.2 
Hoxiat, DaytOv'<tals «isl wale © Apr. 11, 1922 8 030 8 410 4.7 
Hox at Dayton acenss ucts Mar. 23, 1923 7 630 7 720 12 = 
Memnrilions to7.oatsrve eitanchaaleatt Jan. 21, 1916 13 100 16 000 22.1 
WViernntliOmian nena vce oie a cure Gre eae Aug. 3, 1915 9 340 12 000 28.5 
Spring 'Creek;;. /c.0 0 scisGineie <a June 11, 1926 753 1 070 42.1 
Springi@recks.-.7, «caaeocene Nov. 22, 1931 306 325 (Gui 
Spring Creek. . .:-| May 20, 1931 111 125 12.6 
Kankakee at Custer Park... May 14, 1933 33 100 33 700 1.8 
Kankakee at Custer Park,.... Apr. 11, 1922 30 200 31 200 3.3 
Kankakee at Custer Park..... Apr. 20, 1920 24 100 24 300 0.9 
Kankakee at Custer Park..... Dec. 9, 1927 22 300 23 100 3.6 
Kankakee at Custer Park..... Mar. 18, 1919 21 600 21 800 0.9 


~ 


peak flows. The dams on the Rock River have a similar effect, although 
the size of watershed, 9010 square miles, is a significant factor. 

It can be stated, in general, that for most of the larger streams 
with valley storage the peak flow exceeds the average one-day flow 
by from 5 to 10 per cent. For the steeper watersheds, and those having 
little valley storage, the excess is about 20 per cent, and for small 
watersheds like that of Spring Creek the excess may reach 50 per cent. 


VIII. Conciusions 
26. Conclusions.— 


(1) It must be borne in mind that the data in this study are based 
on comparatively short records, and that the assumption has been 
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TaBLE 32.—Concluded 
MAGNITUDES OF AVERAGE OnE-Day FLoop FLOWS AND OF Maximum or Prax Fiows 
a a ae 


Increase of 


Maximum or Maximum 
Stream Date of Flood sei Saga Peak Flow Flow over 
cu. ft. per sec. in cu. ft. Average 

per sec. 1-day Flow, 

in per cent 
Kankakee at Custer Park. Feb. 16, 1918 21 300 22 700 6.6 
Kankakee at Custer Park. July 11, 1915 19 500 21 300 9.2 
Kankakee at Custer Park. Apr. 21, 1930 16 200 16 600 2.5 
Kankakee at Custer Park. Mar. 18, 1923 15 000 15 700 4.7 
Kankakee at Custer Park Mar. 21, 1925 13 600 13 800 1.5 
Kankakee at Custer Park..... May 18, 1916 13 300 13 600 3583 
FEROUOIS Cs etn. Sook eek May 13, 1933 25 700 27 000 5.1 
WER OKINA WENO... 5choc cc sias's.< May 19, 1927 18 500 21 800 17.8 
Winokinawees soos cues. cece Mar. 13, 1933 14 500 17 000 17.2 
IWitcha na wise. ccicls cites 2 icc. Apr. 2, 1922 6 680 6 690 0.2 
INPAGKING WN ot oc ase Sk cn tw Mar. 13, 1923 4 600 4 800 4.3 
IMTAGIIR Wie sss castes ccewees June 3, 1921 4 550 4 570 0.5 
UME ORIN RWS csinic Siok caree a cs Nov. 23, 1931 3 350 3 450 3.0 
WWaGkInA Wels oh c,jcn cea noes Oct. 22, 1933 2 990 3 370 12.7 
INTRORINE Wo cine csciele ale soe ee 3 Sept. 15, 1931 2 160 2 870 32.9 
DOOR eters ate cfcisvoniinis «deve ios Aug. 22, 1924 31 000 35 300 13.9 
BU OODE re cia oe oP Qe owan May 13, 1933 16 300 17 300 6.1 
[3 CCeY OT T-ceee ene Nov. 22, 1931 6 620 7 980 20.5 
DOOR sc onininn oes es aie aise June 7, 1931 3 500 3 560 aT 
SASINTOMIC: oot corinne: tele e makerers Dec. 26, 1932 6 890 7 070 2.6 
Hite MEGUIG hycte e- Sotelo oelcce aie Aug. 13, 1932 5 650 5 880 4.1 
Mes EOIN Vex. cfs alt ooyers aeoaele May 20, 1931 3 850 4 600 19.5 
ap NEGINe Ne tsa tee ete oa June 18, 1934 710 1 210 70.4 
Sangamon at Monticello...... Apr. 13, 1922 5 750 5 820 1.2 
Sangamon at Monticello...... June 30, 1934 5 100 5,250 2.9 
Sangamon at Monticello...... Aug. 1, 1915 4 860 4 940 1.6 
South Fork of Sangamon..... Mar. 16, 1922 11 300 11 800 4.4 
South Fork of Sangamon..... Sept. 12, 1926 6 360 6 720 an 
PEODALTTABB US il o.cle,c0 «tele es Jan. 14, 1930 15 900 17 400 9.4 
HAMAR ASS See ete tera) e i 5S sora) oe May 20, 1929 15 300 16 400 4 
LEGA ASO EA leas) | ae eS ee eee May 19, 1920 12 200 12 600 3.3 
RAISIN oie iacic are dias June 6, 1917 11 100 16 400 47.7 
Macoupin Creek............. Apr. 2, 1933 9 420 9 420 0.0 
Macoupin Creek........:.... Jan. 14, 1930 8 900 9 350 5.0 
Macoupin Creek. . a Aug. 26, 1932 4 600 5 400 17.4 
Macoupin Creek. . July 23, 1931 1 600 2 240 40.0 
Big Muddy... Feb 1, 1916 16 000 16 300 1.9 
Big Muddy... Nov. 1, 1919 9 230 9 270 0.4 
Big Muddy... 53 Dec. 17, 1918 6 020 6 050 0.5 
LBS V OA gis fo high, 2 ee a Sept. 6, 1931 3 590 3 660 2.0 


made that the periods of record are representative ones. Time may 
show that the periods are not representative ones. Any study, how- 
ever, can be based only on the records available at the time. 

For watersheds in Illinois over 200 square miles in area, it is 
believed that the forecasts of flood magnitudes for frequencies of 
from once in five years to once in 100 years are as reliable as can be 
obtained from the available flow data. 

A distinction must be made, however, between the middle and the 
upper portions of the curves as regards accuracy and reliability. That 
portion of the curves which gives the magnitudes for frequencies of 
from once in five years to once in 25 years can be used with a con- 
siderable degree of certainty. For frequencies of from once in 50 years 
to once in 100 years, however, the curves must be used with caution. 
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(2) The most pertinent data in this study have been summarized — 
in Tables 30 and 31. Probably the most useful information in Table — 
30 are the flood coefficients given in the last column. The flood mag- 
nitudes given in Table 31 by the probability curve method are ‘to be : 
preferred to those given by the partial duration method. It is recom- — 
mended that the values given by the probability method be increased — 
from 5 per cent for the 5-, 10-, and 15-yr. frequencies to 10 per cent — 
for the 25-, 50-, and 100-yr. frequencies, for the reasons given on p. 25. 

(3) The flood flows given in this bulletin are those to be expected 
at the gaging stations where the discharges were measured. For other 
points on the same stream, or for points on streams other than those — 
considered here, provided the drainage area is over 200 square miles, — 
the recommended procedure is as follows: 

(a) Obtain as complete information as possible of the character- 
istics of the drainage area above the proposed structure. 


(b) Compare these characteristics with those of the nearest streams — 


listed in Table 30, and choose a flood coefficient. Since no two water- 
sheds are alike, the value of the flood coefficient given in the table will 
have to be modified to conform to the watershed in question. When 
in doubt, use the higher value. 

(c) Multiply the chosen coefficient of flood by the 0.8 power of the 
drainage area in square miles. The product is the mean annual flood. 

(d) Using the discharges in terms of the mean flood for the desired 
frequency in Table 31 as a guide, select a ratio which in your judg- 
ment most nearly conforms to the characteristics of the watershed in 
question. When in doubt, use the higher value to be on the safe side. 

(e) Multiply the mean annual flood determined in (c) by the ratio 
for the desired frequency found in (d). The result is the magnitude of 
the average daily flood flow to be expected with the chosen frequency. 
The proper choice of a flood coefficient and of the ratio of the maximum 
flood to the mean flood depends largely upon the judgment of the 
engineer. There is no safe method of estimating flood discharge which 
does not require sound judgment and broad experience on the palp of 
the engineer. 

(f) The value determined in step (e) is the average flow for the 
day of maximum flood flow. The peak flow, which is the flow desired 
by the engineer, will be somewhat greater than the average flow for 
the day of maximum flow. Table 32 will assist the judgment of the 
engineer in determining how much of an increase should be allowed. 
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(g) The last step is the application of a factor of safety to the 


_peak-flow value determined in the preceding step. The amount to be 


added for this purpose is entirely a matter of personal judgment. It 


may be that in choosing a flood coefficient in step (b), a ratio of 


maximum flood to mean flood in step (d), and a peak-flow excess in 


step (f), the engineer has already allowed a sufficient margin of safety 


and no further increase will be necessary. If, however, the engineer 
has made no special allowances in his assumptions, a final factor of 
safety of from 20 to 50 per cent should be applied. If the engineer has 
not had sufficient experience in making flood estimates and believes 
that a 50-per-cent factor of safety will not cover the uncertainties in 
his analysis, he should consult someone who has had a broader 
experience. 

(4) The method of analysis used in this bulletin applies only to 
watersheds with areas of 200 square miles or more. This limit is more 


or less arbitrary. For smaller watersheds the rational method, similar 


to that used in storm-sewer design, should be used. 
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